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A bstract
Freshly iso la te d  r a t  hepatocytes were found to m etabolise 
^^G -aflatoxin  (AFB^) to a f la to x in s  (AFMj^ ) and (AFQj^), and 
to ra d io la b e lle d  p o la r  m a te ria l, presumably conjugates, as  analysed 
by high-performance l iq u id  chromatography, th in - la y e r  chromatography 
and rad io ac tiv e  counting. Feeding AFB^  to  r a t s  enhanced production 
of p o la r m ateria l only, whereas phenobarbitone and 3-m ethylcholanthrene 
(3-MG) pre treatm en ts both enhanced the ra te  o f AFB^  metabolism and the 
production o f p o la r m a te ria l, w ith increased  AFQj^  and AFM^  re sp e c tiv e ly . 
Formation o f AF(^ appeared to  be mediated v ia  cytochrome P^^Q-linked 
enzymes whereas cytochrome P^^g-lihked enzymes appeared to be 
involved in  AFMq production. Hepatocytes cu ltu re d  fo r  24 h r from 
co n tro l and p re tre a te d  r a t s  a lso  m etabolised AFB^  but no t as e f f ic ie n t ly  
as the corresponding f re sh ly  iso la te d  c e l l s .  Metabolism o f AFB^  and 
cytochrome Pj^^ con ten ts were undetected in  a l iv e r-d e r iv e d  
e p i th e l ia l - l ik e  d iv id ing  c e l l  l in e ,  BL8L.
AFBj^  caused marked and rap id  (1 h r) in h ib it io n  o f rib o n u c le ic  
ac id  (RNA) sy n th esis  and pronounced but le s s  rap id  in h ib it io n  of 
p ro te in  sy n th es is . In both fre sh ly  iso la te d  and 24 h r cu ltu red  
hepatocytes from co n tro l r a t s  (AFB^  concen tra tion , 0 .0 1 -0 .5  pë ml" ) .  
P retreatm ents with phenobarbitone and 3-MG re su lte d  in  reduced AFB^  
in h ib itio n  o f RNA and p ro te in  syntheses a t  the lower co n cen tra tio n s 
o f AFBj^  only, whereas c e l l s  from AFB^  fed r a t s  were much le s s  
suscep tib le  to AFB^  in h ib itio n  o f these  processes a t  a l l  co n cen tra tio n s. 
In BL8L c e l ls ,  AFB^  caused considerable  in h ib it io n  o f deoxyribonucleic 
acid  (DNA) syn thesis  follow ing 24 h r incubation , but in h ib it io n  o f
(11)
RNA and p ro te in  syntheses was minimal.
In c e l l s  from co n tro l r a t s ,  AFB^  ad d itio n  re su lte d  in  
pronounced c y to to x ic ity  (as assessed  by morphological c r i t e r i a  of 
v ia b i l i ty  and trypan blue exclusion) follow ing 4 h r incubation . 
However, in  c e l ls  from phenobarbitone and 3-MG p re tre a te d  r a t s ,  
c y to to x ic ity  was marked a t  high AFB^  concen tra tions, whereas AFB^  
feeding caused re s is ta n c e  to  the cy to tox ic  ac tio n  o f AFB^  a t  a l l  
concen tra tions. The BL8L c e l l s  were much le s s  su scep tib le  to  AFB^  
c y to to x ic ity  than in  the hepatocy tes. I t  i s  concluded th a t  cy to­
to x ic i ty  of AFB^  i s  increased  as  a r e s u l t  o f  metabolism and th a t  
kFB^  feeding, in  p a r t ic u la r ,  confers re s is ta n c e  sigainst AFB^  
c y to to x ic ity .
( i i i )
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CHAPTER 1
GENERAL INTRODUCTION
In I 960 th e re  was an outbreak o f f a t a l  d isease  in  turkeys in  
the south and e a s t o f  England, which was c a lle d  ' Turkey X d ise a se ' 
and was ch a rac te rised  by subcutaneous haemorrhages, weight lo s s  
and death . Post-mortem examination revealed  acute h ep a tic  necro sis  
w ith g en era lised  b i le  duct p ro li f e ra t io n .  There were lo sse s  o f 
o th er b ird s , includ ing  ducklings, and a lso  swine, c a t t l e  and sheep, 
which a l l  had s im ila r  symptoms to  the tu rk e y s . The common fa c to r  
in  the deaths o f these animals was shown to  be the use o f batches 
of groundnut meal which had been imported from B razil (see G oldb la tt, 
1969) , The groundnut meal was found to  be heav ily  contaminated with 
a fungus, which was id e n tif ie d  as  A sperg illus flav u s  (Sargeant e t  a l . ,
1961) , A to x ic  substance was ex trac ted  which produced the same 
r e s u l ts  in  ducklings as the groundnut meal (Sargeant ^  a l . , l9 6 la )  
and th i s  mycotoxin was given the name 'a f l a to x in '.
Mycotoxins are formed on fo o d stu ffs  when conditions o f hum idity 
and tem perature perm it the growth of n a tu ra lly  occurring  tox igen ic  
fung i. The a f la to x in s  are  a, group o f secondary m etabo lites produced 
by some s tr a in s  o f A sperg illus f la v u s , A sperg illu s  oryzae and 
A sperg illus p a r a s i t ic u s . A fla tox ins have been found as n a tu ra l 
contaminants in  many types o f food, e .g . peanut, cottonseed meal, 
corn and r ic e  (Wogan, I 968) , p a r t ic u la r ly  in  tro p ic a l  co u n trie s , 
although re ce n tly  a f la to x in  contam ination in  barley  was repo rted  
in  Wales (Hacking and Biggs, 1979).
There are  fou r main n a tu ra lly  occurring  a f la to x in s : a f la to x in  B^  ^
and Bg (AFB^, AFB^), which flu o resce  with a blue colour under 
long wavelength u l t r a v io le t  (UV) l ig h t ,  and a f la to x in s  G^  and G^
(AFG ,^ AFGg) with green fluorescence under UV l ig h t  (N esb itt e t  a l . ,
1962) .  Their s tru c tu re s  were e lu c id a ted  in  I 965 (Asao e t  a l . ,  19&5)
as a group o f difuranocoumarin compounds, and are  shown in  f ig ,  1 .1 .
1.1 THE ACUTE TQXIGITY OF AFLATOXINS
The b io lo g ic a l e f fe c ts  o f a f la to x in s  have been under considerable 
in v e s tig a tio n  since they were f i r s t  de tec ted  as the cause o f Turkey X 
d isea se , and the r e s u l ts  o f e a rly  research  es tab lish ed  th a t  AFB^  i s  a 
most p o ten t hepatotoxin  and i s  le th a l  a t  r e la t iv e ly  low doses to  
v arious anim als. Of the fou r a f la to x in s , AFB^  was found to be the 
most acu te ly  to x ic , followed by AFG ,^ AFB  ^ and AFG^  in  o rder o f 
decreasing potency (VIogan and Pong, 19?0). Thus, in  t e s t s  on 
day-old ducklings which i s  used as a b io lo g ic a l assay fo r  a f la to x in , 
the  LD^q (median le th a l  dose) values on a 50 g body weight b a s is  
were; AFB ,^ 18.2 ^g; AFG ,^ 39.2 ug; AFB ,^ 84.8 u^g; and AFG ,^ 1?2.5 yg, 
(Carnaghan ^  a l . , 19&3). Thus, the reduction  o f the double bond in  
the term inal dihydrofuran r in g  o f AFB^  and AFG ,^ to  give AFB  ^ and 
AFGg re sp e c tiv e ly , decreases the to x ic i ty .
E arly  s tu d ie s  on a wide rainge o f anim als revealed  th a t  some were 
appreciab ly  more su scep tib le  to the acu te ly  to x ic  ac tio n  o f AFB^  than 
o th e rs , with LD^q values ranging from 0 .3  mg kg  ^ fo r  ducklings to  
17.9  mg kg~^ body weight fo r  mature female r a t s  ( ta b le  1 .1 ) . In  
ad d itio n  to a species d iffe ren ce  in  acute to x ic i ty  o f AFB ,^ s t r a in  
d iffe ren ce s  in  the s u s c e p tib i l i ty  o f r a t s  to  AFB^  ^ has a lso  been 
dem onstrated, thus ihe inbred F ischer s t r a in  o f r a t s  was found to  be 
more su scep tib le  than the  random-bred Porton-W istar r a t s  (B u tle r, 1974). 
Within any given species, s u s c e p tib i l i ty  to  a f la to x in  i s  p a r t ia l ly
governed by the sex o f the animal. Thus, male r a t s  show more 
s u s c e p tib i l i ty  than female r a t s  (B u tler, 1964; Purchase e t  , 1973),
4Fig. 1.1 The S tru c tu re s  o f A flatox ins and G^ .
A F B i
OCH
A F B 2
AFG
CX
o
o  ^  OCH 3
A F G 2
Table 1,1 Acute T oxicity  o f A flatox in  fo r  D iffe ren t Species
S ingle o ra l doses o f a f la to x in
Animal species 
(in  o rder o f s u sc e p tib i l i ty ) mg kg body weight
Duckling 0.34
Rabbit 0 .3
Gat 0.55
Pig 0 ,6
Dog 0 .5  - 1.0
Trout 0,8
Guinea-pig 1 .4
Sheep 2.0
Monkey 2.2
Rat -  male 5 .5  - 7.2
-  female 17.9
Chicken 6 .3
Mouse 9.0
Hamster 10.2
Adapted from B u tler (1974) and Heathcote and H ibbert ( I 978) 
Male animals used un less otherw ise s ta te d .
while follow ing c a s tra tio n  the  LD^q value in c reases . S tud ies on the 
e f fe c t  o f age on the  s e n s i t iv i ty  o f r a t s  to  AFB^  have suggested th a t  
th i s  decreases as the r a t s  increase  in  age (Newberne and B u tle r, I 969) . 
N ecrotic le s io n s  induced in  the l iv e r  by an dose o f AFB^  vary
in  type according to  the species o f  anim al. Thus, a c e n tr ilo b u la r  
zone o f n ec ro sis  i s  induced in  the p ig , dog and guinea-p ig , a 
midzonal zone o f n ec ro sis  i s  found in  the r a b b it ,  whereas in  the 
duckling, c a t and r a t  a p e r ip o r ta l  n ec ro tic  zone develops (Newberne 
and B u tle r, I 969) ,  However, the p a r t ic u la r  zone o f n ec ro sis  induced 
does not c o r re la te  with species s u s c e p tib i l i ty .  I t  i s  o f  in te r e s t  
th a t  most hepato tox ins o th e r than a f la to x in , e ,g , carbon t e t r a ­
ch lo rid e , dim ethylnitrosam ine, cause c e n tr i lo b u la r  damage in  both 
r a t s  and gu inea-p igs,
A fla tox ins have been shown to ex e rt to x ic  e f fe c ts  on o th e r t is s u e s  
in  severa l animal spec ies, i , e ,  kidneys in  the r a t ,  guinea-pig , 
monkey and mouse; lungs and adrenal glands in  the r a t ;  and sk in  in  
the ra b b it .  In  the r a t ,  produced g re a te r  re n a l n ec ro sis  than
AFB^  (see Heathcote and H ibbert, 1978),
The e f fe c t  o f d ie t  on a f la to x in  to x ic i ty  has been in v e s tig a te d  by 
sev era l workers, although the r e s u l ts  a re  somewhat c o n f lic tin g . I t  
has been rep o rted  th a t  low p ro te in  d ie t  in c reases  chronic (Madhavan 
and Gopalan, 1965; Madhavan, I 967) and acute (McLean and McLean, I 966) 
AFB^  to x ic i ty  in  r a t s .  However, Rogers and Newberne ( l9 7 i)  observed 
th a t  a m arginally  lip o tro p e  d e f ic ie n t  d i e t  (a lso  r e la t iv e ly  low in  
f i r s t - c l a s s  p ro te in ) reduced the acute to x ic i ty  but increased  the
chronic to x ic i ty  o f  AFB^  in  r a t s .
The evidence fo r  acute to x ic i ty  o f a f la to x in  in  man i s  sca rce .
In Uganda, the death of a boy from acute liver damage was reported
(Serck-H anssen,l970), and the cassava eaten  by the boy was found to 
be h eav ily  contaminated with a f la to x in . In  p a r ts  o f  western In d ia  
an outbreak o f h e p a t i t i s  in  man and dogs was described  which was 
believed  to be caused by consumption in  la rg e  amounts o f a f la to x in  
contaminated maize. The pathology was s im ila r  to  th a t  u su a lly  
found in  a f la to x in  to x ic i ty  (Krishnamachari e t  , 1975). The 
ae tio lo g y  o f Reye's syndrome, in  which th ere  i s  encephalopathy and 
f a t ty  i n f i l t r a t i o n  o f the l i v e r  and kidney, u sually  in  ch ild ren , has 
been linked  in  Thailand with the in g estio n  o f a f la to x in s . This 
syndrome has a lso  been reproduced experim entally  in  the macaque 
monkey by feeding AFB^  (Bourgeois e t  a l , ,  1971).
1 .2  MUTAGENICITY OF AFLATOXINS
AFBj^  i s  mutagenic fo r  D rosophila m elanogaster (Lamb and L il ly
1971) , Neurospora c rassa  (Ong and S erres , 1972) and causes mutagenic 
a b e rra tio n s  o f human chromosomes (El-Zawahri, 1979). I t  has a lso  been 
dem onstrated th a t  AFBj^  i s  a powerful fram esh ift mutagen in  the Ames 
t e s t  (Ames e t  , 1973; Garner and W right, 1973» Wong and Hsieh, 1976; 
Gurtoo e t  a l , ,  1978), In th is  t e s t ,  s e ts  o f Salmonella typhimurium 
h is tid in e  req u irin g  mutant b a c te r ia  axe used as se n s itiv e  in d ic a to rs  
fo r  DNA damage, combined with mammalian l i v e r  e x tra c ts  (S-9 f ra c tio n s )  
fo r  a c tiv a tio n , and th i s  t e s t  has shown th a t  the  m ajority  o f 
carcinogens are  mutagens, AFB^  was no t mutagenic to  b a c te r ia  in  
the absence o f the  a c tiv a tin g  system. Mutagenic s tu d ie s  w ith AFG^
AFB  ^ and AFGg dem onstrated th a t  the presence o f the double bond in  
the term inal dihydrofuran rin g  was necessary fo r  m utagenicity  (Wong and 
Hsieh, 1976).
1 .3  GARGINOGENIGITY OF AFLATOXINS
In ad d itio n  to ex ertin g  to x ic  and mutagenic e f fe c ts ,  AFB^  i s  
a lso  an extremely p o ten t hepatocarcinogen. Shortly  a f t e r  the  
to x ic i ty  o f  a f la to x in  had been e s ta b lish ed , Lancaster and co-workers 
(1961) f i r s t  dem onstrated th a t  a f la to x in  a lso  possessed carcinogenic 
a c t iv i ty  in  r a t s .  These animals developed m ultip le  l iv e r  tumours 
follow ing the  in g estio n  o f tox ic  groundnut meal, and th e re  was 
evidence o f lung m étastasés. Subsequently, AFB ,^ and to  some ex ten t 
AFGj^ , have been found to  be hepato carcinogenic to a v a r ie ty  o f o th e r 
animal spec ies, includ ing  the duck, rainbow tro u t ,  mouse, f e r r e t ,  
sheep and monkey ( fo r  reviews see Schoental, 196?; Wogan, 1973»
B utler, 1974; Heathcote and H ibbert, 1978), although sp ec ies, and 
also  s t r a in ,  s u s c e p tib i l i ty  to  the hepatocarcinogenic e f f e c t  o f AFB^  
does vary . Males a re  u sually  more su scep tib le  to the hepato­
carcinogenic a c t iv i ty  o f  AFBj^  than fem ales.
Rat l i v e r  tumours produced by AFBj^  are  o f two main types; those 
which are  derived  from hepatic  parenchymal c e l l s  and form so lid  
nodules; and those which are  derived  from b ile -d u c t ep ithelium ,
P la te  1,1 shows m ultip le  la rg e  hepatocarcinomas which developed 
follow ing AFB^  feed ing , Pre-cancerous h y p e rp la s tic  nodules have a lso  
been d e tec ted  in  the l iv e r ,  and AFB  ^ has been shown to  produce these  
but no t frank  hepatomas (see Heathcote and H ibbert, 1978). The to ta l  
dose o f a f la to x in  adm inistered and the schedule o f i t s  ad m in istra tio n  
in fluence the  incidence and p a tte rn  o f appearance o f the l i v e r  tumours, 
A sp ec ified  amount o f carcinogen given a t  a low dosage over a long 
period o f time has a g re a te r  carcinogenic e f f e c t  than a h igher dose 
given over a sh o rte r  period  of time (Wogan and Newberne, I9 6 7 ) .  Thus
P la te  1.1 M ultiple Large Hepatocarcinomas Following A flatoxin  
Feeding to Rat
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Maie F ischer r a t  fed d ie t  contain ing  4-5 ppm AFB^  fo r  
6 weeks. Post-mortem approximately 80 weeks l a t e r  
revealed  hepatocarcinomas.
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a 100% incidence o f hepatocarcinoma was observed in  male F ischer 
r a t s  a f t e r  in g estio n  fo r  68 weeks o f a d ie t  estim ated to  contain  
0.015 ppm AFBj^ , w ith a to t a l  o f 95 consumed (Wogan and Newberne, 
1967) . However, Carnaghan ( I967) rep o rted  th a t  even a s in g le  dose 
o f AFB^  (0.5  mg, 7.65 mg kg“  ^ body weight) adm inistered to  W istar 
r a t s  re su lte d  in  the  appearance o f h ep a tic  tumours in  7 out o f  16 
r a t s  between 15 -  32 months a f t e r  dosing.
Rat l i v e r  carcinogenic response to  AEB^  ^ has been shown to  be 
enhanced by l iv e r  c ir rh o s is  (Newberne ^  , I 966) , bu t in h ib ite d
by hypophysectomy (Goodall and B u tle r, I 969) and by phenobarbitone 
(McLean and M arshall, 1971). The inform ation regard ing  the e f f e c ts  
o f d ie ta ry  p ro te in  on AFB^  induced hepatocarc inogen ic ity  i s  r a th e r  
c o n f lic tin g . Madhavan and Gopalan ( I 968) rep o rted  th a t  d ie ta ry  
p ro te in  d ep le tio n  had an in h ib ito ry  e f f e c t  on AFB^  hepatocarcinogenesis, 
whereas Newberne and Wogan ( I968) found th a t  low -pro tein  d ie t  
s e n s it is e d  the l i v e r  o f  r a t s  to  the carcinogenic e f fe c ts  o f AFBj^ .
A fla tox ins have a lso  been dem onstrated to  induce carcinoma in  the 
g landu lar p o rtio n  of the stomach in  r a t s  (B u tler and Barnes, I 966) , 
and AFG^  causes re n a l adenocarcinoma in  the  r a t  (B u tler, e t  , 19&9). 
Newberne and Rogers (1973) noted an enhanced incidence o f colonic 
carcinoma when AFB^  was adm inistered to  r a t s  which had a low d ie ta ry  
in tak e , and low l iv e r  con ten t o f vitam in A. A fla tox ins adm inistered 
subcutaneously to r a t s  re su lte d  in  the development of sarcomas and 
fibrosarcom as a t  the in je c tio n  s i t e s  (Dickens and Jones, I 963) •
The occurrence o f primary carcinoma o f the l iv e r  i s  q u ite  ra re  in  
w estern p a r ts  o f the world. However, in  1964, O ettle  f i r s t  suggested 
the p o ssib le  involvement o f mycotoxins as the causa tive  agents o f 
human primary carcinoma o f the l iv e r  which i s  p rev a len t in  A frica .
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Carnaghan and Crawford (1964) a lso  suggested a re la tio n sh ip  between 
in g estio n  o f a f la to x in  and primary l i v e r  cancer in  man in  t ro p ic a l  
reg ions o f A frica  and A sia, Strong epidem iological evidence a sso c ia te s  
AFB^  contam ination o f a wide v a r ie ty  o f foods and fo o d stu ffs  with 
an unusually high incidence o f human l iv e r  carcinoma in  South E ast 
Asia, p a r t ic u la r ly  Thailand and Hong Kong (Shank ^  , 1972;
Shank e t  a l , , 1972a), and c e r ta in  p a r ts  o f  A frica , fo r  in stance 
Uganda (A lpert e t  a l . ,  1971), Kenya (L in se ll and Peers, 1972),
Swaziland (Peers e t  a l , ,  1976) and Mozambique (van Rensburg e t  a l , ,
1974) ,  In p a r t ic u la r ,  the incidence i s  high among the  Bantu-speaking 
races . From these  s tu d ie s , hepatoma incidence was found to  be 
re la te d  l in e a r ly  to  the logarithm  o f the amount o f a f la to x in  
ingested  ( f ig ,  1 ,2 ) .  Although the a f la to x in s  cannot be regarded 
as the unequivocal causative  agents o f the induction  o f primary l iv e r  
cancer in  man in  these  a reas, the evidence of a s so c ia tio n  i s  high 
and obviously the p o te n tia l  r is k  to  man m erits  the continued 
in v e s tig a tio n  of th i s  public  h ea lth  hazard,
1 .4  METABOLISM AND BIOCHEMICAL EFFECTS OF AFLATOXINS
M etabolites o f the a f la to x in s  have now been w ell ch a ra c te r ised  
and f ig .  1 ,3  shows the o v e ra ll view o f AFB^  metabolism. Metabolism 
of AFB^  can be demonstrated to occur both in  vivo and v i tro  ( fo r  
review see Campbell and Hayes, 1976) . A flatox in  Mj^  (AFM )^ was the 
f i r s t  m etabolite  to  be id e n t i f ie d  and was so named because o f i t s  
presence in  m ilk. A llc ro f t  and Carnaghan (I963) f i r s t  rep o rted  th a t  
e x tra c ts  of milk from cows fed a fla to x in -co n ta in in g  groundnut meal 
induced l iv e r  le s io n s , when adm inistered to  ducklings, which were
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id e n tic a l  to  those caused by AFB ,^ F u rther s tu d ie s  e lu c id a ted  the 
form ation o f AFM^  from AFB^  in  the l i v e r  and demonstrated th a t  
th i s  hydroxylated m etabolite  i s  excreted  in  u rine  and milk of 
sev era l spec ies, although g en era lly  rep resen tin g  le s s  than '}% o f 
the ingested  AFBj^  dose. The acute to x ic i ty  o f AFM^ .. appears to be 
eq u iva len t to th a t  fo r  AFB^  (Purchase, 1967)1 although the 
carc in o g en ic ity  (Purchase, 1972) and m utagenicity. (McCann e t  a l . ,
1975) a-re much reduced,
A flatox in  P  ^ (AFP^) i s  an 0-dem ethylated m etabolite  o f AFB^
( f ig . 1 . 3 ) .  Wogan and co-workers (I967) f i r s t  rep o rted  0-demethyla- 
t io n  of AFB^  in  r a t s .  L ater, AFP  ^ was*shown to be a major u rin a ry  
m etabolite  in  rhesus monkeys given a s in g le  ih tra p e r i to n e a l in je c tio n  
o f r in g - la b e lle d  AFB^  (D alezios e t  a l . ,  1971» D alezios and Wogan,
1972) . These workers proposed the t r i v i a l  name o f AFP  ^ because the 
m etabolite  i s  a phenol. The u rin a ry  AFP  ^ was excreted  mainly as a 
glucuronide, w ith a small amount o f su lphate  conjugate. However, 
u rinary  ex cre tio n  o f AFPj^  was very low when AFBj^  was adm inistered 
o ra lly  with much g re a te r  AFM^  ex cre tio n . AFP  ^ i s  a lso  a major 
m etabolite  produced by l iv e r  p rep ara tio n s  from the mouse (Dahms
and Gurtoo, 1976).,
Following sev era l c o n f lic tin g  re p o rts  (see review s Campbell and 
Hayes, 1976; Heathcote and H ibbert, 1978) i t  was f in a l ly  concluded 
th a t  v i tro  l i v e r  p rep ara tio n s  from monkeys and r a t s  m etabolised 
AFB^  to  a new m etabo lite , AFQ^  (Masri e t  a d ., 197^)» which had been 
prev iously  m is id en tif ie d  as AFP^.
A flatox ins M ,^ Pj_ and are formed by the inducib le  NADPH- 
-dependent microsomal m ixed-function oxidases of the l i v e r  (see review, 
Campbell and Hayes, 1976). A fla tox ins and P  ^ are  considered to  be
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d e to x if ic a tio n  products in  th a t  th e i r  to x ic i ty  (Hsieh e t  a l . , 197^; 
Buchi e t  a l . .  1973) i m utagenicity (Hsieh e t  , 1974; McCann e t  a l . ,
1975) and carc in o g en ic ity  (Masri e t  a l . , 1979) are markedly lower 
than those o f AFB^.
The only id e n tif ie d  AFB^  m etabolite  known to  be produced by a 
cy to so lic  enzyme system i s  a f la to x ic o l.  The a c t iv i ty  o f th is  
enzyme i s  NADPH- o r NADH-dependent and the reac tio n  i s  re v e rs ib le  
(Detroy and H esse ltin e , I 968; P a tte rson  and Roberts, 1972). 
A fla to x ico l may provide a 'r e s e rv o ir ' fo r  AFBj^  and i t s  m etab o lites, 
and i s  formed p a r t ic u la r ly  in  r a b b it ,  avian and t ro u t  l iv e r  (see 
Heathcote and H ibbert, 1978). Detroy and H esse ltine  ( I968) rep o rted  
a much reduced acute to x ic i ty  o f a f la to x ic o l to  one-day-old 
ducklings compared to AFB^, bu t in  t ro u t  the acute to x ic i ty  o f both 
a f la to x in s  was s im ila r  (Schoenhard a t  , 1974). A fla to x ico l was 
fu r th e r  m etabolised by t ro u t  l iv e r  homogenates to  a compound le th a l  
to  B ac illu s  s u b t i l i s  (Schoenhard e t  ^ . , 1976), a s ig n if ic a n t  find ing  
since a f la to x ic o l i s  a major product o f rainbow t ro u t  l i v e r  
metabolism of AFBj^  and th i s  i s  one o f the most s e n s itiv e  species 
to AFB^-induced carcinoma. Dehydrogenation o f a f la to x ic o l to y ie ld  
AFB^  and severa l o th er m etabolites, includ ing  the a f la to x ic o l o f  AFQ^ ,^ 
was rep o rted  in  l iv e r  p rep ara tio n s  from various animals and humans 
(Salhab and Edwards, 1977).
There i s  much evidence to  in d ic a te  th a t  AFB^  req u ire s  m etabolic 
a c tiv a tio n  to  ex e rt i t s  b io lo g ica l and biochem ical e f fe c ts  (Wogan, 
1973; reviewed in  Campbell and Hayes, 1976; reviewed in  Heathcote 
and H ibbert, 1978). Schoental in  1970 suggested the  ro le  o f an 
epoxide o f AFBj^  in  i t s  carc in o g en ic ity , bu t w ithout supporting d a ta . 
Garner and h is  co-workers f i r s t  showed th a t  r a t  l iv e r  microsomes
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in  the presence o f an NADPH-generating system, could produce a 
m etabolite  o f AFB^  which was le th a l  to  two s tr a in s  of Salmonella 
tvuhimurium (Garner e t  a l . .  1971). These workers suggested th a t  
the 2 , 3-double bond o f the term inal furan rin g  was the p r in c ip a l 
s i t e  fo r  the metabolism to  the proposed AFB^-2,3-epoxide which 
was considered to  be the u ltim ate  re a c tiv e  m etabolite  and 
carcinogen (Garner ^  , 1972). Garner was unable to is o la te
and ch a ra c te r ise  the m etabolite  and suggested th a t ,  because o f i t s  
extreme e le c tro p h ilic  r e a c t iv i ty ,  i t  became bound to  various 
nucleoph iles, as would be expected o f an epoxide, Swenson and 
co-workers (1975) syn thesised  a f la to x in  B ^-2,3-d.ichloride as a model 
of th is  epoxide. These workers showed th a t  the  d ich lo rid e  i s  h ighly  
carcinogenic and mutagenic, and re a c ts  with nucleophiles v i tro  
in  the manner expected fo r  the p u ta tiv e  2 ,3-epoxide. R adio labelled  
AFB^  has been shown to bind covalen tly  to  DNA, RNA and p ro te in s  
in  vivo and 3^ v itro  a f t e r  m etabolic a c tiv a tio n  (Garner ^  a l . ,  1972; 
Swenson e t  ^ . , 1974; Gurtoo and Dave, 1975). Mild ac id  hyd ro ly sis  
o f the nucle ic  acid-AFB^ adducts y ie lded  2 , 3-<iihydro-2 ,3-dihydroxy 
AFB^  (AFB^-diol, see f ig .  1 .3 ), which le n t  fu r th e r  evidence o f the 
p u ta tiv e  epoxide as being the probable in term ed iate  in  the covalen t 
binding of AFB^  (Swenson e t  ^ . , 1974; Swenson e t  ^ . , 1977). The 
major AFB^ -DNA and -RNA adduct has been found to  be 2,3-<iihydro-2- 
(guan -7 -y l)-3-hydroxy AFB^  (Essigmann e t  a l . , 1977; M artin and 
Garner, 1977; Lin ü± a l . ,  1977), and i t  i s  l ik e ly  th a t  N ^-substitu - 
tio n  o f guanine i s  im portant in  the mutagenic a c tio n  o f AFB^  causing 
fram esh ift m utations (Garner and Wright, 1973» D'Andrea and
H aseltine , 1978) .
AFB^-diol has been shown to bind to proteins per se (Neal and
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Colley, 1979) .  AFB^-diol i s  a major m etabolite  o f  AFB^  produced 
by r a t  l i v e r  microsomes a t  p hysio log ica l pH probably from the 
epoxide e i th e r  enzym atically  v ia  epoxide hydrolase o r non- 
-enzym atically , bu t i t  i s  removed by binding to microsomal p ro te in  
o r amines, e .g . T ris  b u ffe r , v ia  the S c h if f 's  base re a c tio n  
(see f ig .  1 .3 ) .  A flatox in  B , the hem iacetal, has a lso  been shown 
to  bind to p ro te in s  v ia  the S c h if f 's  base re ac tio n  and was rep o rted  
to be produced by h epatic  microsomes from severa l species 
(Patterson  and Roberts, 1972; Gurtoo and Dahms, 1974). However, i t  
has been concluded re c en tly  th a t  ttie previous re p o rts  o f the 
production o f AFBg  ^ were erroneous, based on the  m istaken id e n t i f ic a ­
tio n  o f AFB-diol as AFB^  ^ due to the s im ila r i ty  o f th e i r  UV sp e c tra l 
c h a ra c te r is t ic s  (Neal ^  , in  p r e s s ) . AFB^  ^ can be formed
chem ically under ac id  co n d itio n s.
The a b i l i ty  o f AFB^  to  in h ib i t  n ucle ic  ac id  and subsequently 
p ro te in  syntheses 3^ vivo and 3^ v i tro  has been w ell documented and i s  
presumably a consequence o f AFBjj binding to DNA (C liffo rd  and Rees,
1966, 1967; Rogers and Newberne, 19&7; Godoy and Neal, 1976). Since 
DNA binding i s  considered to  be dependent upon the metabolism of 
AFB^, i t  would follow  th a t  the biochem ical le s io n , i . e .  in h ib it io n  
of nucle ic  ac id  sy n th esis , a lso  depends upon metabolism. This 
in h ib it io n  o f n ucle ic  ac id  syn thesis  by AFB^  i s  very rap id , 
p a r t ic u la r ly  3^ vivo in h ib itio n  o f DNA sy n th esis  (B u tler and Neal, 1977). 
Thus an in v e s tig a tio n  o f the e f f e c t  o f AFB^  ^ on n ucle ic  ac id  and p ro te in  
syntheses in  experim ental systems would provide a rap id  and s e n s it iv e  
index o f metabolism o f AFB^  in  these systems.
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1 .5  CELL CULTURE STUDIES
The u t i l i s a t io n  o f in  v i tro  systems can p lay  an im portant 
ro le  in  the understanding o f the  mechanism o f ac tio n  o f to x ic  
substances. C ell suspensions and c u ltu re s  in  p a r t ic u la r  are  being 
used ex tensive ly  in  the study o f to x ic  mechanisms (Nardone, 1977» 
Paine ^  a l . , I 98O), metabolism of xenob io tics  (Fry and Bridges,
1977) and as to o ls  in  experim ental carcinogenesis (Seglen, 1979)•
C ell c u ltu re  provides a u sefu l method o f studying c y to to x ic ity  o f 
compounds w ithout the involvement o f  the complex co n tro l p rocesses 
o f the whole organisms which are  d i f f i c u l t  to monitor during 
experim entation. When studying metabolism o f compounds c e l l  c u ltu re  
a lso  has the advantage th a t  the biochem ical and s tru c tu ra l  
o rg an isa tio n  a t  the c e l lu la r  le v e l i s  re ta in ed , which resem bles 
more c lo se ly  the in  vivo s i tu a tio n , un like iso la te d  su b c e llu la r  
o rg an e lle s .
I t  has o fte n  been suggested th a t  'r e a c t iv e ' m etabo lites o f 
l ip id -s o lu b le  xenob io tics formed during b io transfo rm ation  are  
responsib le  fo r  many o f the observed to x ic  e f fe c ts ,  in  ad d itio n  to 
the carcinogenic e f fe c t  (W illiams, 1975). AFB^  has been rep o rted  
to be cy to tox ic  ( in h ib itin g  DNA, RNA and p ro te in  syntheses) to 
d if f e r e n t  types o f c e l l  c u ltu re s  includ ing  primary c u ltu re s  o f human 
embryonic l i v e r  c e l l s  (Zuckerman e t  , 19&7) and p a r t ic u la r ly  
p ro lif e ra t in g  c e l l  l in e s  such as a  human embryonic lung c e l l  l in e  
(Legator , 1965; Legator, I 966) ,  an A frican green monkey kidney
c e l l  l in e  (Meneghini and Schumacher, 1977), HeLa c e l l  l in e  which i s  
derived  from human c e rv ic a l carcinoma (Harley e t  a l . , 1969; S ca ife , 
1971) and human Chang l i v e r  c e l l  l in e  (Gabliks e t  ^ . , 1965;
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Scaife, 1971). Excluding the primary cultured cells, it is likely 
that these cell lines have seriously impaired metabolising capacity 
and thus the observed cytotoxicity by AFB^ was probably effected 
without metabolism.
Freshly isolated rat parenchymal hepatocyte suspensions (Vadi 
et al., 1975; Jones et , 1978; Thor et , 1978) rat liver 
slices (Bassir and Emafo, 1970), rat primary non-dividing hepatocyte 
cultures (Langenbach et , 1978; Decad e^ al., 1977; Fry and 
Bridges, 1979) and foetal (Nebert and Gelboin, 1969) and adult 
rat liver-derived dividing cell lines (Leffert ^  , 1977)
are now being increasingly favoured as ijq vitro models for studying 
the metabolism and mechanism of action of toxic compounds in rat 
liver.
In this study, the possible correlation of AFB^ metabolism 
with its cytotoxic action is investigated using freshly isolated 
hepatocyte suspensions, primary hepatocyte cultures and, to a 
lesser extent liver-derived cell lines, obtained from rats. The 
effect of the extent and nature of AFB^ metabolism, analysed 
primarily by high-performance liquid chromatography, on cell death 
and essential cellular processes, for instance, nucleic acid and 
protein syntheses is examined. In addition, it has been observed 
that phenobarbitone protects against the carcinogenic effect of 
AFB^ in rats vivo (McLean and Marshall, 1971) and decreases 
DNA-AFB^ binding in vivo (Garner, 1975), although in in vitro 
microsomal systems phenobarbitone increases DNA-AFB^ binding 
(Gurtoo and Dave, 1975) and increases the inhibition of nucleic 
acid synthesis by AFB^ (Neal and Godoy,1976). This anomaly is
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in v e s tig a te d  using 3n v i tro  hepatocyte systems from phenobarhitone 
p re tre a te d  r a t s  and a lso  3-m ethylcholanthrene p re tre a te d  r a t s ,  since 
these compounds are  both known d i f f e r e n t ia l  inducers o f the mixed 
function  oxidases o f the  l iv e r  (G ille t te  e t  a l , , 1972).
Development o f re s is ta n c e  to  the  acute cy to tox ic  ac tio n  o f 
kFB^  has been observed during the carcinogenic process in  r a t s  fed 
AFB^  (Judah e t  , 1977). Feeding young a d u lt  male F ischer r a t s  
a d ie t  con tain ing  a low concen tra tion  (4-5 ppm) o f AFB^  ^ fo r  6 weeks, 
followed by re tu rn  to  co n tro l d ie t ,  r e s u l t s  in  100^  incidence o f 
hepatocarcinoma (Neal e t  a l , , 1976). During the f i r s t  3 weeks o f the 
6-week feeding regime, an acu te ly  to x ic  response i s  in d ica ted  by 
h is to lo g ic a l  examination o f  the l iv e r ,  accompanied by in h ib itio n  o f 
n ucle ic  ac id  sy n th esis  and some c e l l  death (Godoy e t  a l . ,  1976). 
D iscontinuing the to x ic  feeding a t  the  3-week stage r e s u l t s  in  
in s ig n if ic a n t  incidence o f neop lasia . During the  second 3 weeks o f 
the 6-week feeding period , in  which time the carcinogenic response 
i s  in i t i a te d ,  th ere  i s  a p ro lif e ra t io n  o f both parenchymal and 
non-parenchymal c e l l s  (see f ig .  1 .4  fo r  scheme o f feeding regime 
and response) and towards the end o f th is  stage , h y p erp las tic  nodules 
are  in  evidence (see p la te  1 .2 ) . The c e l l s  p ro l i f e r a te  in  the 
presence o f a continuing supply o f the to x in , showing th a t  they possess 
a mechanism which makes them le s s  su scep tib le  to the  acu te ly  to x ic , 
b u t no t to the  carcinogenic , ac tio n s  o f AFBj^ . In  t h i s  study an 
in v e s tig a tio n  i s  made using hepatocytes from r a t s  which are  sub jec ted  
to th i s  AFB^  feeding regime, in  an attem pt to  e lu c id a te  the  mechanism 
o f ac tio n  o f th i s  re s is ta n c e , by comparing the  metabolism and 
c y to to x ic ity  o f AFB^  in  these  c e l ls .
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F ig . 1 .4  L iver C ell Response to the Ingestion  o f A flatoxin
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Aflatoxin B
3 Weeks
Liver Ceil 
death
C ontinued ingestion 
for fu r th e r  3 Weeks
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+  in sign ifican t 
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P la te  1 ,2  Development o f H yperplastic  Nodules in  Rat L iver 
Following A flatoxin  Feeding
Male F ischer r a t s  fed d ie t  o f 4-5 Ppm AFB^  fo r  6 weeks 
which re su lte d  in  development o f h y p erp las tic  nodules 
L iver shown here i s  being perfused (h y p erp las tic  nodules 
arrow ed).
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CHAPTER 2
MATERIALS AND METHODS
(includ ing  r e s u l ts  and d iscussion  o f experiments 
performed in  developing the method)
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2.1 MATERIALS
A flatoxin  Makor Chemicals L td ., Jerusalem , I s r a e l .
1U —1[g-  c ]-A fla to x in  B^, (sp e c if ic  a c t iv i ty ,  53 mCi mmol" ) and
[G-% ]-A flatoxin  B^, (sp e c if ic  a c t iv i ty ,  15 Ci mmol
Moravek Biochemicals, C ity  o f Industry , C a lifo rn ia , U.S.A.
Bovine serum albumin, 35% s te r i l e  so lu tio n . Sigma Chemical Co., 
Poole, D orset.
Bovine serum albumin, f ra c tio n  V, c ry s ta l l in e ,  BDH Chemicals L td ., 
Poole, D orset.
Gollagenase, type I I ,  Worthington Biochemicals Corp., New Jersey , 
U.S.A. and Boehringer Corp., Sussex.
D iethyl m aleate, A ldrich Chemical Co. L td ., Poole, D orset.
Deoxyribonucleic ac id , c a l f  thymus, type I ,  Sigma Chemical Co., 
Poole, D orset.
E a g le 's  Minimum E ssen tia l Medium (modified) w ith E a r le 's  s a l t s ,  
w ithout phenol red . Flow, I rv in e , Scotland.
F ic o ll ,  Sigma Chemical Co., Poole, D orset.
Foetal c a lf  serum, Sera-Lab, Crawley Down, Sussex.
Gentamycin so lu tio n , 10 mgml ^ , Flow, Irv in e , Scotland.
p-Glucuronidase, from Helix Pomatia, type H-1, and p-Glucuronidase, 
from E. C o li , type I I ,  Sigma Chemical Co., Poole, D orset.
L-Glutamine, 200 mM so lu tio n , G ibco-B iocult. P a is ley , Scotland.
Reduced G lutath ione, Sigma Chemical Co., Poole, D orset.
2+ 2+Hank's balanced s a l t  so lu tio n , Ca and Mg f re e , G ibco-B iocult. 
P a is ley , Scotland.
Heparin (P u la r in ) , lOOO u n its  ml” , V estric  L td ., Croydon, Surrey.
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In s ta g e l, Packard, Caversham, B erkshire,
Xj-[u-^^C]-Leucine, (sp e c if ic  a c t iv i ty ,  354 mCi mmol"^) and 
L - [ 4 ,5 - ^ l ”Leucine, ( sp e c if ic  a c t iv i ty ,  105 Ci mmol ^ ) ,
The Radiochemical C entre, Amersham, Bucks.
Medicut cannula. Southern Syringe Serv ices L td ., London.
3-M ethylcholanthrene. Sigma Chemical Co., Poole, D orset.
M ultip la te  w ells . Lux, S c ie n tif ic  C orp ., C a lifo rn ia , U.S.A.
Nyholt nylon gauze, John S ta n ia r  and Co. L td ., Manchester. 
[5 -^H ]-0 ro tic  ac id , ( sp e c if ic  a c t iv i ty ,  28 Ci mmol"^).
The Radiochemical Centre, Amersham, Bucks.
P e tr i  d ish es . Lux, S c ie n tif ic  Corp., C a lifo rn ia , U.S.A.
Propylene g ly co l. Sigma Chemical Co., Poole, D orset.
S agata l, sodium pentobarb itone, 6o mgml  ^ so lu tio n . May and Baker, 
Dagenham, Essex.
[6-^n]-Thymidine, ( sp e c if ic  a c t iv i ty ,  2? Ci mmol ^ ) ,
The Radiochemical Centre, Amersham, Bucks.
Trypsin, lyophilised,W ellcom e Reagents L td ., London.
[5 ,6-^ ]-U rid in e , (sp e c if ic  a c t iv i ty  51 Ci mmol ^ ) ,
The Radiochemical Centre, Amersham, Bucks.
W illiam 's Medium E, Flow, Irv in e , Scotland.
2.2 ANIMALS
In a l l  experiments performed, male r a t s  o f the inbred F ischer 
s tr a in ,  F344/Ti, were used since much biochem ical d a ta  i s  a v a ila b le  
concerning th i s  s tr a in  o f r a t s .  In  ad d itio n , F ischer r a t s  are
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p a r t ic u la r ly  s e n s itiv e  to  the biochem ical and b io lo g ic a l e f fe c ts  
o f a f la to x in  (AFB  ^) , and thus provide a good model fo r  in v e s t i ­
gating  the e f fe c ts  o f  AFB^, An inbred s t r a in  ensures th a t  animals 
are  g e n e tic a lly  id e n t ic a l .  This i s  o f considerab le  importance since 
the in d u c ib i l i ty  o f c e r ta in  hepatocyte enzymes, e .g . a ry l  hydro­
carbon hydroxylase, depends upon a  s in g le  Mendelian gene (F esting ,
1975)» and thus enzyme levels in inbred strains are reasonably 
reproducible.
The animals were housed in  p la s t ic  and wire cages con ta in ing  no 
more than 6 r a t s  p er cage, in  an environm entally c o n tro lled  room a t  
19°G ± 2°G with a  humidity o f 50% ± 10%, and a l ig h tin g  cycle o f 
12 h r . (07OO-I9OO). Animals were allowed food (MRG 41B p e l le ts )  and 
w ater ad lib itu m .
2.3  SAFETY PRECAUTIONS
When handling a f la to x in  and rad io a c tiv e  m ateria l gloves were 
always worn and the hazardous m ate ria l placed on tra y s .  A flatox in  
so lu tio n s  and contam inated glassware were decontaminated w ith a t  l e a s t  
a 5% so lu tio n  o f b leach, whereas rad io ac tiv e  contaminated glassw are was 
decontaminated w ith a  so lu tio n  o f Decon 90 d e te rg en t. A ll contam inated 
paper and p la s t ic s  were in c in e ra ted  in  sealed  p la s t ic  bags.
2 .4  CELL CULTURE TECHNIQUES
A ll procedures p e rta in in g  to  c e l l  c u ltu re  wherever p o ssib le  were 
performed a s e p tic a lly  in  lam inar flow cab in e ts  using s t e r i l e  
equipment.
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(a) Isolation of Hepatocytes
Hepatocytes were iso la te d  from r a t s  according to a modified 
method based on the o r ig in a l  perfusion  technique of Berry and Friend 
(1969) and Seglen (1972).
Male r a t s  weighing 120-300 g were used in  th e  is o la tio n  procedure.
The animal was an aes th e tised  with an in tra p e r ito n e a l  ( i .p . )  in je c tio n
of S agatal (O .l ml 100 g"^ body wt + 0 .1  m l). A lo n g itu d in a l in c is io n
was made along th e  m idline o f the  r a t  and the h ep a tic  p o r ta l vein
exposed. Two len g th s  o f co tton  th read  were positio n ed  around the  b i le
duct and the h ep a tic  p o r ta l  vein , and a Medicut cannula ( e i th e r  16 o r
18 gauge, 45 mm length) con tain ing  heparin  in se r te d  in to  the h ep a tic
p o r ta l  vein . The cannula was securely  l ig a te d  in to  p o s itio n  using the
co tton  th reads and the vena cava subsequently c u t. The tubing from the
p erfusion  apparatus ( f ig .  2 .1 ) was in se r te d  in to  the cannula and the
2+ 24-l i v e r  perfused  with Hank's balanced s a l t  so lu tio n , Ga and Mg free  
(HBSS), buffered  with sodium b icarbonate , a t  37°G, and allowed to  flow 
to waste thus removing the blood. The l iv e r  was normally blanched 
during th is  p rocess (p la te  2 .1 ) . The l i v e r  was then c a re fu lly  excised 
and placed on a platform  above the re se rv o ir  (p la te  2 .2 ) . The r e c i r ­
cu la tin g  p e rfu sa te , t o t a l  volume approxim ately lOO ml, was ae ra ted  
with 95% Og and 5% GO^  to m aintain the  pH a t  7 .4 , and was pumped through 
the l iv e r  using a Gole-Parmer pump a t  a flow ra te  o f approxim ately 30-40 
ml min"^. A so lu tio n  o f collagenase contain ing  17.5 mg in  5 ml HBSS, 
was added to  the p erfu sa te  to  give a f in a l  concen tra tion  o f 0 .0 4 -0 .05% 
wv”  ^ and the enzyme was perfused through the l iv e r  u n t i l  considerab le  
sw elling o f the  l iv e r  w ith subsequent d is in te g ra tio n  o f the t is s u e  
had occurred, i . e .  u sually  fo r  20-30 min. The l i v e r  was then c a re fu lly  
tra n s fe rre d  to a measuring cy lin d er con tain ing  50 ml o f a 2.5% so lu tio n
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Fig. 2.1 Schematic Diagram of Perfusion Apparatus
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I n i t i a l  p e rfu sa te  o f HBSS i s  pumped through the oxygenator where i t  i s  
aera ted  w ith hum idified 95/^  0^, Jfo GO^  and i s  then pumped in to  the 
cannulated hepatic  p o r ta l  vein o f the r a t ,  w ith the p e rfu sa te  allowed 
to flow to waste. The l iv e r  i s  excised and placed on the p latform , and 
then the two-way switch i s  opened to the 50 ml re se rv o ir  (B) o f HBSS. 
Collagenase so lu tio n  i s  then added to  the re c irc u la tin g  p e rfu sa te .
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Plate 2.1 Rat Liver Being Perfused In Situ.
The liver is normally blanched during this process,
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o f bovine serum albumin (BSA) in  HBSS, which would in h ib i t  any 
fu r th e r  ac tio n  o f the co llagenase. The l iv e r  was a g ita te d  
m echanically w ith a g la ss  rod and the r e s u lt in g  cords o f c e l l s  were 
d isso c ia ted  fu r th e r  by g en tle  r o l l in g  in  a round-bottomed f la sk  
to  form a u n ic e llu la r  suspension, as described  by Drochmans ^  ad.
(1975)• The crude c e l l  suspension was f i l t e r e d  through a Nybolt nylon
gauze (pore s ize  125 p )  thus removing connective tis s u e  and la rg e
clumps o f c e l l s  and d e b r is . The c e l l s  which passed through the
f i l t e r  were washed and cen trifu g ed  sev era l tim es a t  50 g max
fo r  2-3 m in., in  defined  medium (W illiam 's Medium E o r MEM as
ap p ro p ria te , see below), to  reduce gross contam ination by d isru p ted
c e l ls  and re tic u lo e n d o th e lia l  c e l l s .  A to ta l  o f approximately
3 .5 -5 .0  X 10^ parenchymal c e l l s  were obtained from each l i v e r .  The
v ia b i l i ty  was assessed  by exclusion  of 0 .1^  trypan blue using a
haemacytometer counting chamber and was ro u tin e ly  in  the range
75-95%» C ell p rep ara tio n s  with v ia b i l i ty  le s s  than 75%> were
d iscarded . For most experim ents, the  medium used was W illiam 's
Medium E (WME) contain ing  1% L-glutam ine, 5 mg^ gentamycin, e i th e r
with o r w ithout 5% f o e ta l  c a lf  serum (FGS), buffered  w ith sodium
bicarbonate . In the metabolism experim ents. E a g le 's  Minimum
E ssen tia l Medium (modified) w ith E a r le 's  s a l t s  (MEM) con ta in ing  the
same a d d itio n s  as above, w ith the exception o f phenol red was used. Phenol
red  was om itted since i t  was found to  in te r f e re  w ith the high
performance l iq u id  chromatography an a ly s is , and MEM was always used
minus phenol red .
(b) Primary Culture of Hepatocytes
Hepatocytes were cu ltu red  fo r  e i th e r  24 o r 48 h r  in  WME w ith the
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Plate 2.2 Liver Perfusion
m
When excised, the liver is placed on a platform above the 
reservoir and the perfusate now recirculates.
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a d d itio n s  described  a t  a  concen tra tion  o f 0.8  x 10^ c e l l s  ml"^ medium 
in  p la s t ic  t is s u e  c u ltu re  d ish es  a t  37°C in  an incubato r w ith an 
atmosphere o f 95% 0^, 5% 00^. According to  the experiment, the 
t is s u e  c u ltu re  d ishes used were e i th e r  Lux m u ltip la te  w ells  (8 w ells  
p er p la te , 1 ml medium per w e ll) , lOO mm diam eter Lux d ishes (10 ml 
medium per d ish ) o r 150 mm diam eter Lux d ish es  (20 ml medium per 
d ish ) .  Twenty-four hours a f t e r  seeding the c e l l s ,  the medium was 
d iscarded and fre sh  medium added. On detaching the c e l l s  from the 
d ish  by scraping  with a sp a tu la  and counting the  c e l l s  a t  th i s  s tag e , 
a rough estim ate  of p la tin g  e ff ic ie n c y  could be made, which was in  the 
range 60- 70%, although due to the detaching procedure, no t a l l  the 
c e l l s  were assessed  as being v iab le .
(c) Separation of Hepatocytes using a Ficoll Gradient and
Development of Liver-Derived Cell Line
Primary cu ltu red  parenchymal hepatocytes are  normally non­
d iv id in g  and i f  allowed to  remain in  the c u ltu re  d ish  w ith rep len ished  
medium, a f t e r  a week o r so, most o f the c e l l s  become rounded and d ie , 
while the rem aining c e l l s  spread very th in ly  over the substratum .
Three to fou r weeks l a t e r  some c e l l s  begin to  d iv ide  forming one or 
more co lon ies o f d iv id ing  e p i th e l ia l - l ik e  c e l l s .  These co lon ies  can 
be s e le c tiv e ly  removed from the d ish  using a cloning  technique whereby 
a small s t e r i l e  g la ss  tube whose bottom edge has been coated w ith 
s il ic o n e  grease i s  placed over the colony and these  d iv id ing  c e l l s  
are  try p s in ise d  from the d ish  and reseeded in to  another one 
(Gumming, 1970).
During the is o la t io n  procedure fo r  the p rep ara tio n  o f hepatocy tes, 
although the c e l l s  are  washed severa l tim es to  reduce contam ination by
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dead c e l l s  and re tic u lo e n d o th e lia l  c e l l s ,  thorough e lim ination  o f 
these contaminants i s  no t e ffe c te d . Consequently, over a period  of 
time in  c u ltu re , o th e r c e l l  types, p a r t ic u la r ly  f ib ro b la s ts ,  w ill  
commence to  p ro l i f e r a te  and form co lon ies  o f ra p id ly  d iv id ing  c e l ls  
which o ften  overwhelm the e p i th e l ia l - l ik e  c e l l s .  To attem pt to 
overcome th is  problem, d if f e r e n t  c e l l  populations can be crudely  
separated  on a continuous f i c o l l  g rad ien t a t  u n it  g rav ity  a t  4°C,
Following the is o la t io n  o f hepatocytes from an AFBj^  fed r a t ,
80 X 10^ parenchymal c e l l s  were added to  6o ml HBSS contain ing  0,2% 
polyethylene oxide (polyox MSB 301) which has a high v is c o s ity  and 
thus preven ts 'stream ing* o f  the c e l l s  in to  the g rad ien t, A continuous 
f i c o l l  g rad ien t (1-4%) in  HBSS was pumped in to  the cy lin d er o f the 
apparatus as shown in  f ig .  2 . 2 , on a cushion o f 50% sucrose so lu tio n , 
as described  by Tulp and Bont (1975). When the f i c o l l  had reached the 
top o f the cy lin d er a s ieve was placed on the su rface . The s ieve i s  
constructed  in  2 p a r ts  w ith ho les which can be placed in  alignm ent thus 
allow ing access to  the g rad ien t, o r the  ho les may be closed . The c e l l  
suspension was c a re fu lly  layered  onto the sieve w ith the ap e rtu re s  
closed . The upper p a r t  o f the sieve was then turned so th a t  the  aper­
tu re s  were aligned  thus allow ing the c e l l  suspension to  move in to  the 
f i c o l l  g rad ien t instan taneously  w ithout d is tu rb an ce . The g rad ien t was then 
lowered, the sieve removed and the cy lin d er sealed . A fter approxim ately 
1 h r  the c e l l s  had sedimented through the g rad ien t according to  s iz e  and 
one o r two f a in t  bands could be seen. The cy lin d er was opened, the 
g rad ien t l i f t e d  by pumping in  fre sh  underlay and the f lu id  con ta in ing  
the bands c o lle c te d . The c e l l s  were cen trifu g ed , resuspended in  
sm aller volumes o f medium, samples examined under a microscope, and 
seeded in to  cu ltu re  d ish es . Using th is  procedure an e p i th e l i a l - l ik e
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Fig. 2.2 Schematic Diagram of Apparatus used for Separating 
Hepatocytes on Ficoll Gradient
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c e l l  l in e  was developed, P la te  2 ,3  i s  a transm ission  e lec tro n  micro­
graph o f a c e l l  from a d iv id ing  c e l l  l in e ,  denoted BL8L, which was 
derived  from a primary c u ltu re  o f l i v e r  c e l l s  and developed using 
the technique described . The micrograph shows the  presence o f * t ig h t  
ju n c tio n s ' (arrowed) which are  c h a ra c te r is t ic  o f e p i th e l ia l  c e l l s .
(d) Subculturing o f C ell Lines
When c e l l s  a tta in e d  confluency, the medium was a sp ira te d  and an 
equal volume o f 0.25% try p s in  in  phosphate buffered  sa lin e  (PBS) added 
to  the c e l l s  fo r  2 min a t  room tem perature. The try p s in  so lu tio n  was 
then removed and the c e l l s ,  s t i l l  covered by a th in  film  o f try p s in  
so lu tio n , were incubated a t  3?°C fo r  approxim ately 8 min o r u n t i l  the 
c e l l s  began to detach from the substratum . The harvested  c e l l s  were 
washed from the  d ish  w ith fre sh  medium, the c e l l  concen tra tion  d ilu te d  
according to  requirem ent, usually  1 :2  o r 1 :4 , and the c e l l s  reseeded 
in to  cu ltu re  d ishes,
(e) P reservation  o f C ell Lines by Freezing
C ell l in e s  may be preserved by deep-freezing ; under these  con­
d it io n s  metabolism i s  com pletely suspended y e t the c e l ls  remain v ia b le .
E xponentially  growing c e l l s  were harvested  by try p s in is a t io n  a t  a 
concen tra tion  o f 6 x 10^ c e l ls  ml“  ^ in  WME contain ing  20%o FCS, 2,5% 
glutamine and 7 , 5% dim ethylsulphoxide (DMSO), DMSO appears to  p reven t 
osmotic changes which would otherw ise rup tu re  the c e l l  membranes on 
freez ing  (Paul, 1975). Each ampoule was f i l l e d  w ith 1 ml o f the c e l l  
suspension and the ampoules s to red  in  a polystyrene block in  the top 
o f a l iq u id  n itrogen  r e f r ig e ra to r ,  and frozen slowly a t  a r a te  o f 
1°C min“^. A fte r 12 h r the ampoules were then c a re fu lly  p laced in  
c a n is te rs  con tain ing  l iq u id  n itrogen  a t  a tem perature o f -196°C,
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Plate 2.3 Transmission Electron Micrograph of BL8L Cell Showing 
Presence of Tight Junctions
»
Arrows indicate tight junctions, magnification x 150,000.
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Depending upon the  depth o f the l iq u id  the ampoules were e i th e r  
immersed in  the l iq u id  o r m aintained a t  a tem perature o f no h igher 
than -150°G since the tem perature o f the overlying vapour was between 
-150 and -180°G.
To recover the  c e l l s  in  a v iab le  cond ition  i t  i s  necessary to 
r a is e  the tem perature quickly  to  37°G. The ampoules were removed 
from the l iq u id  and immersed in  w ater a t  approximately ^5°C to 
thaw as quickly  as p o ss ib le . The c e l l  suspension from each ampoule 
was tra n s fe rre d  to a s t e r i l e  u n iv ersa l b o tt le  to  which was added 
20 ml o f complete WME, i . e .  5% FGS, 1% glutamine and 5 mg% gentamycin. 
The c e l l s  were p e lle te d  by c en tr ifu g a tio n  a t  50 g max fo r  2 min, 
resuspended in  10 ml o f complete medium and then seeded onto a 
loo mm diam eter p e t r i  d ish . The medium was changed a f t e r  24 h r  to 
remove any tra c e s  o f DMSO which may be to x ic  to  the c e l l s .
( f ) P reparation  of L iver S lic e s
Rat l iv e r s  were perfused v ia  the  h ep a tic  p o r ta l  vein  In s i t u  with 
cold 0.9% sa lin e  p r io r  to excising  in  o rder to expel the blood. L iver 
s l ic e s  were cu t from a l l  lobes using a G i l le t te  razo r b lade, and 
s l ic e s  o f 150 mg weight (approxim ately 16 x lO^ c e l l s  and 0 .3  mm 
th ickness) p laced in  lOO ml Erlenmeyer f la sk s  w ith app rop ria te  volumes 
o f cold Krebs o r ig in a l  Ringer phosphate b u ffe r .
The form ulation fo r  the  b u ffe r  was;
Volume (ml)
0 . 9% NaGl (0.154  M) 100
1 . 15% KGl (0.154  M) 4
1.22% GaGlg (0.11 M) 3
3.8% MgSO .^VHgO (0.154  M) 1
0.1 M Phosphate b u ffe r , pH 21
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2.3  ANALYTICAL TECHNIQUES
(a) Protein Estimation
Proteins were estimated according to the method of Lowry ^
(1951). This method involves the treatment of proteins with a copper 
reagent and the subsequent reduction of a Folin phenol reagent which 
reacts with phenolic amino acids to produce a colour which can be 
estimated spectrophotometrically,
Reagents :
'A ', 2% NagCO. in  0.1 M NaOH.
'B ',  0 . 5^ CuSO^.SHgO in  1% sodium t a r t r a t e .
’C’ , F o lin  ’A' + 'B ' in  r a t io  o f 30:1 .
'D ', Folin-Giocalteau phenol reagent in water in ratio of 1:1 .
Bovine serum albumin, f ra c tio n  V, standard so lu tio n  of 
400 jog ml”  ^ in  w ater.
Method;
P ro te in  was determined in  samples which were e i th e r  c e l l s  
u ltra so n ic a te d  in  PBS, c e l l s  which had been washed with t r i ­
ch lo ro ace tic  ac id  (TCA) and subsequently so lu b ilis e d  in  1 M NaOH, o r 
microsomes in  I 30 mM KCl.
Samples were d ilu te d  w ith 0.9% sa lin e  to give an ap p ro p ria te  
concen tra tion  o f p ro te in , i . e .  l e s s  than I 30 jug 0 .3  nil . To each 
sample, 2 .3  ml of reagen t 'C  was added, mixed w ell using a vortex  mixer 
and allowed to stand fo r  a t  l e a s t  10 min. 0.23 nil o f Fo lin  'D ' was 
then added, the sample mixed immediately and then allowed to stand  
fo r  a t  l e a s t  a fu r th e r  30 min. The absorbance o f the blue co lour 
formed was read  a t  738 nm ag a in s t a blank prepared with d i s t i l l e d  
w ater only, using a C ecil CE 393 D ig ita l Spectrophotom eter. Various
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concentrations of BSA were used as reference standards in a range 
of 20-300 ^g 0 .5  as shown in fig. 2 .3 . Standard curves were
included on each occasion protein was determined.
(b) Cytochrome Estimation
The method used fo r  estim ating  cytochrome P^^^ was e s s e n tia l ly
th a t  o f Omura and Sato (1964), employing the ad d itio n a l c r i t e r i a  
o f McLean and Day (1974). Cytochrome Pj^ ^q e s tim ations were 
performed on microsomes and fre sh ly  iso la te d  and cu ltu red  hépato­
cy tes . F reshly  separated  c e l ls  were suspended in  c u ltu re  medium
and, a f t e r  a liq u o ts  were removed fo r  cu ltu rin g  e tc . ,  the remaining
c e l l s  were used fo r  cytochrome P^ ^^  ^ determ ination . The c e l l s  were 
rin sed  with PBS to  remove phenol red , and the washed c e l l s ,  a t  a 
concen tra tion  o f 12-20 x 10^ ml”  ^ were e i th e r  immediately u l t r a ­
sonicated  using a Dawe Soniprobe s e t  on le v e l I ,  w ith a cu rren t 
o f 2 A, fo r  3 X 10 sec b u rs ts , o r s to red  a t  -70°C as a p e l l e t  fo r  
24 h r p r io r  to u ltra so n ic a tin g . To ensure d is ru p tio n  o f the  p e l le t  
had occurred, v isu a l observation  was made using a microscope f i t t e d  
with phase c o n tra s t o p tic s , and i f  necessary the c e l ls  sub jected  
to fu r th e r  periods o f u ltra so n ic a tio n . Cultured hepatocytes 
(3 X 150 mm d ishes) were washed th re e  tim es w ith cold PBS, the  c e l l s  
scraped using a p la s t ic  sp a tu la , suspended in  co ld  PBS in  a volume 
of approximately 6 ml, a t  a concen tra tion  o f approximately.
X —1
4 X 10 ml" and then u ltra so n ic a te d  as p rev iously  described .
In a re p o rt in v e s tig a tin g  maintenance o f cytochrome P^^q 
in  cu ltu red  hepatocytes (Decad, Hsieh and Byard, 1977) f re sh ly
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F ig . 2 .3  P ro te in  Standard. Curve
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P ro te in  concen tra tion  determined by Lowry method 
using bovine serum albumin as standard .
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iso la te d  and cu ltu red  hepatocytes were homogenised using a 
t i g h t - f i t t i n g  te f lo n  p e s tle  (20 s tro k e s ) . This technique fo r  
d is ru p tin g  the c e l l s  was t r ie d  in  th i s  study, bu t was found not 
to  d is ru p t a la rg e  p roportion  o f the c e l l s  when viewed under the 
microscope. Thus, u ltra so n ic a tio n  o f the hepatocytes was the 
p re fe rred  d is ru p tio n  technique.
A liquots o f son icated  fre sh ly  iso la te d  c e l l  suspensions were 
d ilu te d  with PBS to  a concen tra tion  corresponding to  4-8 x 10^ 
c e l l s  ml”  ^f and the son icated  cu ltu re d  c e l l  suspensions contained 
approxim ately 3-4 x 10^ c e l l s  ml”^ . Two x 3 ml a liq u o ts  were 
dispensed in to  1 cm path  leng th  spectrophotom eter cu v e tte s . These 
were placed in  the forward p o s itio n  o f  a Unicam SP 1800 U ltra v io le t 
Spectrophotom eter, and the absorp tion  spectrum scanned a t  a speed 
o f 2 nm sec”  ^ between 390-500 nm. This provided b ase lin e  da ta  
which could be used to co rre c t fo r  any o p tic a l imbalance in  the  
spectrophotom eter cu v e tte s . The c r i t e r i a  o f McLean and Day (1974) 
were employed fo r  these  'homogenate' samples. The abso lu te  
absorbance o f homogenate vs w ater was le s s  than 1,0  a t  450 nm.
The b ase lin e  (homogenate vs homogenate) was le v e l ,  the d iffe ren ce  
in  absorbance between 450 and 490 nm le s s  than 0.005 and between 
430 and 490 nm le s s  than 0.02. The samples were then pooled and 
approximately 2 mg of so lid  sodium d ith io n ite  added with mixing 
by in v ersio n . H alf o f the sample was dispensed in to  a cuvette  and 
used as the reference sample. Carbon monoxide was bubbled through 
the remaining h a lf  fo r  30 sec before d ispensing in to  the second 
cu v e tte . When both cu v e ttes  were p laced in  the  spectrophotom eter, 
a d iffe ren ce  sp ec tra  o f reduced vs reduced p lu s  carbon monoxide
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was recorded between 390 and 510 nm. The d iffe ren ce  in  absorbance 
a t  450 and 490 nm was measured and co rrec ted  fo r  the b ase lin e
difference. Using the molar extinction coefficient of Omura and
-1 —1
Sato (1964) of 91 niM cm for absorption difference between
450 and 490 nm, the  concen tra tion  o f cytochrome was ca lcu la ted
from the formula
E450 ” ^490
-----------------  = cytochrome Phcn concen tra tion  (nmole ml" )
0,091 ^
In samples of sonicated hepatocytes the absorbance peak of
the  carbon monoxide d e riv a tiv e  o f reduced cytochromeP^^.Q was found
not to be at 450 nm but at 454 nm. It has been reported that
th ere  i s  4 reduction  in  absorbance around 445 nm asso c ia ted  w ith
the in te ra c tio n  of reduced cytochrome oxidase with carbon monoxide
(Kowal et ad. ,  1970), To avoid introducing errors resulting from
the a lte re d  absorbance peak maximum, an e x tin c tio n  c o e f f ic ie n t  o f 
-1 -148 mM" cm" at 460 nm should be used to determine the cytochrome
P^ ^^ Q concentration. However, it was found in -üie present study
—1 -1th a t  using the e x tin c tio n  c o e f f ic ie n t  o f 91 inM" cm” a t  450 nm
gave the same r e s u l t  as using the e x tin c tio n  c o e f f ic ie n t o f
-1 -148 mM cm at 460 nm.
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(c) Deoxyribonucleic Acid Estimation
Estim ation o f  deoxyribonucleic ac id  (DNA) was based on the 
method of G iles and Myers (19&5) which was an improved method of 
the o r ig in a l  B urton 's  (1956) method using diphenylamine. The 
G iles and Myers method reduces the blank to  a th ird .  However, 
increased  s e n s i t iv i ty  w ith a fu r th e r  reduction  in  the reagen t 
blank can be obtained using the  m odifications described  by 
Richards (1974),
Reagents ;
Diphenylamine reagen t, 0 ,01^  paraldehyde and k% diphenylamine 
in  g la c ia l  a c e tic  ac id ; diphenylamine added to  
paraldehyde,
DNA, c a l f  thymus, type I ,  standard  stock  so lu tio n  o f 
400 ^  ml"^ in  5 mM NaOH,
10^ Perchloric acid (PGA),
10^ Trichloroacetic acid (TGA),
Method:
To prepare the standard  'working* so lu tio n  o f DNA, one volume o f 
the stock so lu tio n  was mixed w ith an equal volume o f 10% PGA, This was 
heated in  a w ater bath a t  90°C fo r  15 min. The re s u l t in g  so lu tio n  o f 
200 ml"^ was s to red  a t  4°C and rep laced  a t  in te rv a ls  o f  3 weeks.
DNA estim ation  was conducted on son icated  hepatocyte samples. To 
0 .5-1 ml o f sample, contain ing  3 -  10 x 10^ hepatocytes son icated  as
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prev iously  described  in  PBS, 3 ml o f cold 10/^ TGA was added, and the 
sample cen trifu g ed  a t  iOOO g max, fo r  5 min a t  4 G, The supernatan t 
was d iscarded  and the procedure repeated  tw ice. The f in a l  p e l l e t  was 
resuspended in  2 ml 10% PGA. The DNA in  the samples was hydrolysed by 
h ea tin g  a t  90°G fo r  15 min in  a w ater bath . The samples were then 
cooled in  ice  and recen trifu g ed . (The hyd ro ly sis  was repeated  fo r  
l i v e r  homogenate sam ples.) The DNA con ten t o f the supernatan t was then 
assayed and 1 ml a liq u o ts  taken in  o rder to  perform d u p lica te  
de te rm in a tio n s .
Samples and standards were made up to  2 ml w ith 10^ PGA and an 
equal volume o f diphenylamine reagen t was added and mixed thoroughly. 
The tubes were incubated a t  30^0 fo r  approximately 1? h r . i . e .  
overn igh t. The absorbance o f the blue colour formed was read  a t  
595 and 700 nm ag a in s t a blank from which DNA was om itted, using a 
Unicam SP500 Spectrophotom eter. The was used to  c a lc u la te
the DNA concen tra tion  from a standard  curve in  the range o f 10-200 pg 
tube"^, as  shown in  f ig .  2 .4 . Standard curves were included on each 
occasion DNA determ ination  was performed.
(d) Reduced G lutathione Estim ation
The method used to  estim ate  reduced g lu ta th io n e  (GSH) was 
based on th a t  o f B eu tle r e t  a l . (19&3) and o r ig in a l ly  Ellman (1959), 
with fu r th e r  m odifications by Johnson ( I966) . The method i s  no t 
to ta l ly  sp e c if ic  fo r  GSH, bu t since reduced g lu ta th io n e  i s  
q u a n ti ta t iv e ly  the major non-pro tein  sulphydryl compound in  the l i v e r  
(M eister and Tate, I 976) the sulphydryl concen tra tion  may be assumed 
to  equal the GSH concen tra tion .
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Fig. 2 .4  DNA Standard Curve
0.81
0.7-
0.6-
0.5-
oo
'A
0.4-
ao
+3
H
| 0 - 3 -
o
0.2-
0 .1-
50 0 150 2
DNA concn. {jig tube” )
46
Reagents ;
'A ', ic e -c o ld  ethanol and 24 mM KH^PO ,^ pH 5 ,5 , con tain ing  
0,1 mM ethylene diamine te t r a - a c e t ic  ac id  (EDTA), in  
r a t io  o f 3:1 prepared on day o f use,
'B ',  0 ,3  M phosphate b u ffe r , pH 7 ,4 , con ta in ing  1 mM EDTA,
'C ,  Ellman' s reag en t, 5 » 5 '-d ith io b is -(2 -n itro b e n z o ic  acid )
(DTNB), 0 ,04^  in  1% trisodium  c i t r a t e ,
GSH, standard  so lu tio n  o f 2 pmole ml” in  w ater, prepared on 
day o f use.
Method;
GSH was determined in  whole l i v e r  samples and f re sh ly  iso la te d
hepatocytes. The l iv e r s  were perfused  with sa lin e  ^  s i tu  or HESS
during is o la t io n  of hepatocytes thereby reducing contam ination of
the assay by sulphydryl compounds in  the blood. To 1 g of t is s u e ,
12 ml of reagen t 'A' was added and the t is s u e  homogenised using a
Potter-Elvehjem  homogeniser. Approximately 50 % 10^ c e l l s  were
suspended in  12 ml o f reagen t 'A' and the c e l l s  d isru p ted  using an
U ltra tu rrax  (janke & Kunkel L td). The 'homogenate' was cen trifu g ed
a t  5000 g max to  sediment p ro te in . The clean  supernatan t was decanted
and 8 .5  ml o f reagen t 'B ' was added to  0 .5  ml o f sample supernatan t.
F in a lly , 1 ml of the DTNB reagen t was added w ith thorough mixing.
The DTNB, a d isu lph ide compound, undergoes d isu lph ide-su lphydry l
exchange with sulphydryl groups in  the sample forming 2 -n itro -5 -
mercaptobenzoic ac id , the anion o f which i s  yellow -coloured and can
be estim ated spectrophotom etrically  a t  412 nm. The absorbance of the
-1samples and GSH standards in  the range of 0 ,1 -1 .0  p io le '0 ,5  ml , f ig .2 ,5 ,  
was read ag a in s t a blank using a C ecil CE 393 D ig ita l Spectrophoto­
m eter. The f in a l  concen tra tion  of GSH in  the samples, th e re fo re , was.
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Fig. 2 .5  Reduced G lutathione Standard Curve
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-1concen tra tion  GSH (p io le  ml” ) x volume o f supernatan t (ml) = 
p io le  GSH (g l iv e r ) " ^ .
(e) P reparation  o f Microsomes from Hepatocytes
Microsomes were prepared according to  the method described  in  
Neal and Colley (1978) fo r  whole t is s u e .  However, th i s  method was 
modified since hepatocytes were used in s tead  of whole t is s u e .
Method:
Hepatocytes were iso la te d  as p rev iously  described  except th a t  
the c e l l s  were washed in  WME w ithout serum. 2 x 10^ hepatocytes 
were suspended in  20 ml PBS and the c e l l s  d isru p ted  using the 
U ltra tu rra x , The samples were cen trifu g ed  a t  9000 g max. fo r  15 min 
a t  4°C. The post-m itochondrial supernatan ts formed were fu r th e r  
cen trifu g ed  a t  165,000 g max fo r  1 h r a t  4°C. The microsomal 
p e l le ts  were resuspended in  3 ml I 50 mM KCl using an homogeniser, 
and the samples s to red  a t  -70°C,
For 24 hr. cu ltu red  hepatocytes, c e l l s  from 3 % 150 mm p e t r i
o
d ishes (approxim ately 5 % 10 c e l ls )  were washed 3 x in  cold  PBS, 
scraped and resuspended in  10 ml PBS and d isru p ted  with the  U ltra tu rra x , 
Microsomes were prepared by ce n tr ifu g a tio n  as  described  above and the 
re su lt in g  microsomal p e l l e t  was resuspended in  0,75 ml KCl,
Microsomal p ro te in  was determined as  described  p rev iously ,
( f)  SpS-Polyacrylamide Gel E lec tro p h o resis
Sodium dodecyl su lphate  -  polyacrylam ide s lab  gel e le c tro p h o re s is  
(SDS-PAGE) was performed on microsomes prepared from fre sh ly  iso la te d  
and cu ltu red  hepatocytes based e s s e n t ia l ly  on the discontinuous b u ffe r  
method of Laemmli (1970), using a 7 .5^  polyacrylam ide reso lv in g  g e l.
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Reagents :
Stock so lu tio n , 30^ acry lam ide/o .8% N,N'-methylene bisacrylam ide 
Resolving gel ( f in a l  c o n ce n tra tio n s):
7,5/^ acrylamide from stock so lu tio n  
50^ 0.75 M Tris/HGl b u ffe r , pH 8.8 
So lu tion  deaerated , then:
0.12% N,N,N' , N' - tetram ethy le thy lene diamine (TEMED)
0.1% sodium dodecyl su lphate  (SDS)
0.01% (NH^^gSgOg, ammonium persu lphate  
Stacking gel ( f in a l  c o n c en tra tio n s):
3% acrylamide from stock so lu tio n  
17% 0.75 M Tris/HCl b u ffe r , pH 6 .5  
0.1% TEMED 
0.1% SDS
0.1% (NH^^gSgOg
E lectrode b u ffe r;
0.3% T ris  
1.45% glycine 
0.1% SDS
Sample b u ffe r  ( f in a l  c o n c en tra tio n s):
0.2% 0.75 M Tris/HGl b u ffe r , pH 6 .5  
50% wv“  ^ urea 
0.1% SDS
10% 2-mercaptoethanol 
contain ing  a lso  2 mg bromophenol blue 
S ta in :
20% a c e tic  ac id  and
, mixed 1:1 p r io r  to  use
0.6% Kenacid blue R in  methanol
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D estain;
10% methanol 
7% a c e tic  ac id .
Method :
The apparatus was assembled as  shown in  f ig .  2.6, a f t e r  the 
reso lv in g  and stack ing  g e ls  had s e t ,  w ith w ells formed in  the  upper 
p a r t  of the stack ing  g e l. A liquots o f microsomes from fre sh ly  iso la te d  
and cu ltu red  hepatocytes were taken: 5 p i con tain ing  approxim ately 
loo pg p ro te in  from fre sh ly  iso la te d  c e l l  microsomes, and 10 p i 
con tain ing  approxim ately 60 pg p ro te in  from cu ltu re d  c e l l  microsomes. 
Each o f these .was added to  20 p i  sample b u ffe r  and the samples 
incubated in  a w ater bath a t  100°G fo r  5 m inutes. A liquots o f the 
samples were app lied  to the top of the stack ing  ge l in  w ells using 
a m icrosyringe. Approximately 20 pg o f p ro te in  from each sample was 
app lied  (5 o r 10 p i ) .  A co n stan t cu rren t o f  20 mA was app lied  fo r  
sev era l hours u n t i l  the track in g  dye was approximately 0 .5  cm from the 
bottom of the  p la te .  The p la te s  were then removed from the tank and 
the ge l gen tly  removed from w ith in  the  p la te s .  The g e l was f ix ed  
with loo ml 25% TGA fo r  5 minutes and then washed w ith w ater, followed 
by fu r th e r  washings with 10% a c e tic  ac id  and again w ith w ater. S ta in  
was then added fo r  1 h r  during which the gel was shaken on a shaking 
w ater bath . The gel was desta ined  w ith severa l changes o f d e s ta in  
so lu tio n  and f in a l ly  s to red  in  7% a c e tic  ac id .
(g) P reparation  of Sajnples fo r  S c in t i l la t io n  Gounting and
Determ ination o f R ad ioac tiv ity
Samples o f c e l l  suspensions were so lu b ilis e d  using 1 ml 1 M NaOH 
a t  l e a s t  overn igh t a t  room tem perature o r longer, o r w ith h ea tin g  a t
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F ig , 2 .6  Diagram o f Apparatus used fo r  Slab Polyacrylamide 
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37°G in  a w ater bath i f  s o lu b il is a tio n  was d i f f i c u l t .  A liquots of
rad io ac tiv e  samples were placed e i th e r  in  g la ss  s c in t i l l a t io n  v ia ls
o r polypropylene mini v ia ls  contained in  g la ss  s c in t i l l a t io n  v ia ls ,
w ith the pH n e u tra lis e d  by a t  l e a s t  an equal volume o f 1 M HGl to
reduce chemiluminescenee. The s c in t i l l a t io n  c o c k ta il used was
In s ta g e l, a u n iv ersa l s c in t i l l a n t  fo r  aqueous and non-aqueous samples,
and was used e i th e r  in  a l iq u id  o r a gel form. Glass s c in t i l l a t io n
v ia ls  contained up to 1 ml aqueous sample and lO ml In s ta g e l in  l iq u id
form and between 1-3  ml aqueous sample to  form a g e l, whereas mini
v ia ls  contained up to  0 .5  ml aqueous sample and 5 ml In s ta g e l in  l iq u id
form and between 0 .5  ml and 2 ml aqueous sample in  5 ml In s ta g e l in  ge l
1 ^  3form. R adioactive iso to p es  were G and/or H, and the ra d io a c tiv ity ,  
expressed in  d is in te g ra tio n s  per minute (dpm), was counted in  e i th e r  
a P h ilip s  Liquid S c in t i l la t io n  Analyser f i t t e d  with autom atic quench 
co rrec tio n  in  which counts per minute (cpm) were converted to  dpm 
au tom atically  based on p r io r  programming fo r  ex te rn a l standards r a t io  
(ESR )/efficiency re la tio n sh ip s  fo r  the in d iv id u a l iso to p es  a t  various 
degrees o f quenching, or in  a S earle  Mark I I I  liq u id  S c in t i l la t io n  
Counter, using sample channels r a t io .
2.6 EXPERIMENTAL PROTOCOLS
(a) A flatox in  Metabolism S tudies using F reshly  Iso la te d  and 2k h r 
C ultured Hepatocytes; P reparation  and A nalysis o f Samples by 
High Performance Liquid Chromatography (HPLC) and Thin-Layer 
Chromatography (TLC)
( i)  Incubation o f A flatoxin  w ith Freshly Iso la te d  and 24 h r 
Cultured Hepatocytes.
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F reshly  iso la te d  hepatocytes were incubated with un labelled  or 
ra d io la b e lle d  a f la to x in  (AFB^), d isso lved  in  propylene g lyco l, in  
100 ml round-bottomed f la sk s  con tain ing  20 ml complete MEM and 16 x 10^ 
c e l l s .  The f la sk s  were incubated in  a converted Warburg shaking 
w ater bath , a t  37°G. The medium was gassed with GOg, 95/  ^ 0^
and the f la sk s  were p ro tec ted  from the l ig h t  since AFB^  i s  photo- 
l a b i le .  Various concen tra tions of AFB^  were used and time course 
experim ents were performed. A ppropriate co n tro ls  were c a rr ie d  ou t.
On term ination  o f the incubation period , the con ten ts o f each f la sk  
were s h e ll  frozen  in  so lid  GOg/methylated s p i r i t s  m ixture, and the  
con ten ts fre ez e -d ried  on a Ghemlab freeze -d ry e r.
Incubations o f 24 h r cu ltu red  hepatocytes with AFB^  were
performed in  I 50 mm p e t r i  d ish es . I t  has been repo rted  th a t
AFB^  may be adsorbed by p la s t ic s  (Scoppa and Marafante, I 97I ) ,
p a r t ic u la r ly  s o f t  p la s t ic s ,  and consequently an i n i t i a l  experiment
was performed to in v e s tig a te  the p o s s ib i l i ty  of adsorp tion  o f 
14G-AFB  ^ by the p la s t ic  t is s u e  c u ltu re  d ishes used in  th i s  study. 
Incubation o f ^^G-AFB  ^ with MEM in  Lux p la s t ic  d ishes ( I 50 mm diam eter) 
re su lte d  in  a reduction  by 24^ of fre e  ra d io la b e l in  the medium 
a f t e r  24 h r . However, with a sh o rte r  incubation  time o f 2 h r, 
fre e  rad io  la b e l in  the medium was reduced by only yfo which was 
considered to be a n eg lig ib le  le v e l o f adsorp tion . Thus incubation  
of AFB^  by cu ltu red  hepatocytes was performed in  p la s t ic  t is s u e  
c u ltu re  d ishes, provided the incubation  period  was lim ited .
The c e l l s  were i n i t i a l l y  seeded in  20 ml complete W illiam 's 
Medium E a t  a concen tration  o f 0 .8  x lO^ c e l l s  ml”  ^ and a f t e r  24 h r  
the c e l l s  were washed th ree  tim es w ith PBS to  remove phenol red .
To each d ish , 20 ml complete MEM was added and the c e l l s  incubated
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w ith AFB^  fo r  various tim es, in  an incubator a t  3?°C gassed 
w ith 5% GOg, 95% 0^. A ppropriate co n tro ls  were c a rr ie d  ou t. On 
term ination  o f the incubation  period , the medium from each d ish  was 
tra n s fe rre d  to a 100 ml round-bottomed f la sk , the c e l l s  detached 
from the d ish  by scraping w ith a p la s t ic  sp a tu la  and a lso  tra n s ­
fe rre d  to the f la sk s . The con ten ts o f each f la sk  were sh e ll  
frozen and free z e -d rie d .
(ii) Preparation and Analysis of Samples by HPLG and TLG.
Metabolism o f AFB^  in  hepatocytes was analysed by reversed- 
phase HPLG using the cond itions described  in  Neal and Golley (1979) 
which enabled both p o la r and non-polar m ate ria l to  be examined 
to g e th e r. W ithreversed-phase, p o la r  m a te ria l e lu te s  a t  the so lven t 
f ro n t w ith sh o rt re ten tio n  tim e, and in c reasin g ly  non-polar m a te ria ls  
e lu te  with increased  re te n tio n  time. E ith e r  a Du Pont model 830 
l iq u id  chromatograph and 833 flow c o n tro lle r  o r a W ater's pump 
M-6000 a  was used, to g e th e r w ith a Rheodyne 7120 syringe loading 
sample in je c to r  f i t t e d  with a 100 jjI  loop. The apparatus was 
connected to a Du Pont 837 v a riab le  wavelength spectrophotom eter 
operated a t  365 nm. Also, the fluorescence o f the column e lu a te s  
was monitored using e i th e r  a Kontron sp ec tro flu o rim e te r SFM 23LG 
f i t t e d  w ith g ra tin g s  and an 8 / i l  flow c e l l  (fluorescence measured 
a t  e x c ita tio n  365 nm and em ission 425 nm) o r a Waters 420 
fluorescence d e te c to r  f i t t e d  w ith 3^5 band pass and 425 long pass 
f i l t e r s .  The column was a Partisil-lO -O D S (250 x 4 .6  mm) and 
the r e s u l ts  were d isp layed  on a Hewlett-Packard model 3380S 
record ing  in te g ra to r .  In  those experiments u t i l i s in g  ra d io la b e lle d  
AFB ,^ the e lu a te  was f ra c tio n a te d  o r ig in a lly  by hand in to  g la ss
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s c in t i l l a t io n  v ia ls ,  bu t f ra c tio n a tio n  was subsequently found to 
be more convenient by connection to  an LKB 7000 U ltra rac  f ra c tio n  
c o lle c to r  con tain ing  mini v ia ls  and f i t t e d  with a 'tu b e -p in ch in g ' 
device to preven t sp illa g e  during change over o f the f ra c tio n s . 
F rac tion  c o lle c tio n  commenced a t  the emergence of the so lven t f ro n t 
which appeared 2 min a f te r  in je c tio n  o f the sample. The rad io ­
a c t iv i ty  in  the f ra c tio n s  co lle c te d  in  the mini v ia ls  was 
determ ined. An is o c ra t ic  e lu tio n  system was used with 13% 
dimethylformamide (DMF) in  0.01% phosphoric ac id  a t  a flow ra te  
of approximately 2.0 ml min”  ^ and a column tem perature of 69°C.
I n i t i a l l y  the method fo r  e x tra c tin g  AFB^  and i t s  m etabo lites
from hepatocyte incubations was based on th a t  described  by Neal and
Golley (1979) fo r  microsomal incubations. Thus, f re sh ly  iso la te d
3
hepatocytes were incubated with -^ H-AFB^  a t  various concen tra tions 
(20, 40, 60 ;ug fla sk "^ ) fo r  periods up to  3 h r  with app rop ria te  
co n tro ls . A fter freeze -d ry in g , the con ten ts were ex trac ted  in to  
methanol ( to ta l  volume, 20 ml) and the samples cen trifu g ed  a t  
1000 g max fo r  1 h r  a t  -15°G. The supernatan ts were decanted fo r  
concen tra tion  under a stream o f Og-free Ng in  a w ater bath a t  37°G 
placed in  a fume cupboard. The p e l le t s  were fu r th e r  washed w ith 
10 ml methanol and the supernatan ts a lso  evaporated. The d ried  
m ate ria l was re c o n s titu te d  w ith 2 ml 50% water/m ethanol and 
recen trifu g ed  a t  -15°G to c la r i fy .  However, using th i s  procedure 
to  e x tra c t  AFB^  and p o ssib le  m etabo lites, the recovery o f AFB^  
was extremely low and no m etabo lites were d e tec ted . The i n i t i a l  
e x tra c tio n  of the fre ez e -d ried  m ate ria l by methanol appeared no t 
to  wet the m ate ria l fu lly ,  and thus i t  was decided to  re c o n s ti tu te  
f i r s t l y  with w ater followed by methanol. When the reco v eries  o f
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the samples were monitored a t  each stage in  the  procedure, by
assaying the rad io ac tiv e  con ten t, i t  was found th a t ,  during the
concentration  under N^, the to t a l  rad io ac tiv e  con ten t o f the
samples decreased considerably . I t  was discovered th a t  the tr i t iu m
in  the was exchanging with the hydrogen in  the methanol which
was v o la t i le  under the stream , thus accounting fo r  the  lo s s  in
14ra d io a c t iv ity . I t  was decided, th e re fo re , to  use G-AFB^. By 
modifying the cond itions (e .g . presence o r absence o f FGS and/or 
c e l l s ,  rep eatin g  procedure w ith microsomal incubation m ixture, e tc . )  
i t  was subsequently discovered th a t  AFB^  i s  no t as s tab le  in  propylene 
g lyco l (pg) as i t  i s  in  DMSG (the v eh ic le  used in  microsomal 
in cu b a tio n s) . This in s t a b i l i ty  was p a r t ic u la r ly  apparent during the 
concen tra tion  under N^, the AFB^  being ex ten siv e ly  degraded. However, 
the use o f PG in  c e l l  experiments was p re fe rab le  to  th a t  o f DMSO (see 
sec tio n  2.2  (b )) , and thus i t  was decided to  avoid concen tra tion  o f 
AFB^  under a stream.
14The procedure f in a l ly  adopted using u n labelled  and C la b e lle d  
AFBj^  was as  fo llow s: a f t e r  freeze-d ry ing  o f the samples (which may
then be sto red  a t  -?0°G fo r  sev era l days w ithout degradation) the 
m ate ria l was re c o n s titu te d  by the ad d itio n  o f successive 2 x 1 ml 
volumes o f w ater followed by 2 x 1 ml methanol. The samples were 
mixed and cen trifu g ed  a t  1550 g max fo r  a t  l e a s t  1 h r a t  - 15°0 
to c la r i fy .  I f  fu r th e r  c la r i f ic a t io n  o f the samples was necessary 
the supernatan ts were f i l t e r e d  through Whatman m icroglass f ib re  
f i l t e r s ,  f i r s t l y  through GF/A and then through a f in e r  f i l t e r ,
GF/f (pore s iz e , 0 .7  • A liquots o f the c la r i f ie d  supernatan ts were
then taken fo r  a n a ly s is  by HPLG as p rev iously  described . Using th is  
procedure, approximately 55-75% o f  the AFB^  was recovered. O ccasionally ,
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the samples were a lso  p a r tit io n e d  ag a in s t chloroform and the 
ra d io a c tiv ity  determined in  the  aqueous and chloroform la y e rs . The 
remaining p e l le ts  were so lu b ilis e d  in  1 M NaOH and a liq u o ts  taken 
fo r  rad io ac tiv e  determ ination .
Thin-layer chromatography was conducted on the samples as 
described by Neal and Golley (1978) using silica-gel G plates without 
fluorescent indicator. Gompounds were located by fluorescence when 
viewed under long-wavelength ultra-violet light. The solvents used to
separate  AFB^  and i t s  non-polar m etabo lites were chloroform /acetone
1 1 (9 :1 , vv” ) , followed by chloroform/methanol (8 . 5 :1 . 5 , vv ) .  To
separate  out more p o la r m a te ria ls , the  so lven t used was 1-b u ta n o l/g la c ia l
—1 —1acetic acid/water (2 :1 :1 , w  v ) .
(b) Determination of Deoxyribonucleic Acid. Ribonucleic Acid and 
Protein Syntheses
DNA syn thesis  was normally determined only in  the  liv e r-d e r iv e d  
e p i th e l ia l  c e l l  l in e  by measuring the in co rpo ra tion  o f -^H-thymidine. 
Incorporation  of th i s  la b e lle d  p recurso r o f DNA was very low in  the 
non-dividing primary hepatocyte c u ltu re s . RNA and p ro te in  syntheses 
were determined in  both d iv id ing  and non-dividing c e l l  c u ltu re s . For 
RNA sy n th esis , the  inco rpo ra tion  o f ^H -orotic ac id  in  f re sh ly  iso la te d  
and 24 h r cu ltu red  hepatocytes, or & -u r id in e  in  d iv id ing  c e l l s  was 
measured, while the inco rpo ra tion  of % -leu c in e  was used as  a 
measure of p ro te in  sy n th es is . Experiments in v e s tig a tin g  the  e f f e c ts  
of AFB^  concen tra tion  on DNA, RNA and p ro te in  syntheses by c e l l  
c u ltu re s  were conducted.
In early  experiments the procedure fo r  determ ining the above 
param eters was as fo llow s: f re sh ly  iso la te d  hepatocytes were
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incubated with v arious concen tra tions o f AFB^  fo r  d if f e re n t  tim es
in  t e s t  tubes con tain ing  1 ml complete W illiam 's Medium E and
0.8  X 10^ c e l l s ,  a t  37°G in  a shaking w ater bath, gassed with 5%
COg and 95% 0^. The la b e lle d  p recu rso r was added 45 min p r io r  to
the end o f the  incubation  tim e. On term ination  of the incubation , the
tubes were placed in  ice  and the c e l l s  cen trifu g ed  a t  1000 g max fo r
5 min a t  4°G, washed 3 % with 3 ml cold 5% TGA and then the
p re c ip i ta te  so lu b ilis e d  in  1 ml 1 M NaOH. R ad ioac tiv ity  and p ro te in
concen tra tion  were determined as p rev iously  described , and inco rpo ra tion
was expressed as a c id -in so lu b le  sp e c ific  a c t iv i ty ,  dpm per ;ig p ro te in .
For cu ltu red  c e l l s  (non-dividing and d iv id in g ), the c e l l s  were 
14p re la b e lle d  with G -leucine by adding the rad io ac tiv e  p recu rso r to  
the c e l l  suspension p r io r  to  seeding and a f t e r  24 h r the medium was
14removed and fre sh  medium w ithout G -leucine was added, thus g iv ing
an estim ation  of p ro te in  concen tra tion . The c e l l s  were seeded onto
round g lass  co v e rs lip s  s itu a te d  in  m u ltip la te  w ells contain ing  1 ml
complete WME. The c e l ls  were placed in  an incubator a t  37°G under
an atmosphere of 5% GOp, 95% O^. Primary cu ltu red  hepatocytes were
6 —1seeded a t  a concen tra tion  o f 0.8  x 10 c e l l s  ml , whereas the
6 1d iv id ing  c e l l s  were seeded a t  approxim ately 0 .4  x 10 c e l l s  ml" .
A fter 24 h r, the medium was changed as described  and the c e l ls  
incubated with AFB^  a t  various concen tra tions fo r  d if f e re n t  tim es.
The t r i t i a t e d  p recu rso r was added fo r  i f  h r  p r io r  to  term ination  
of the incubation period . At th i s  tim e, the c e l l s  were washed 3 x 
with cold PBS and then fixed  with 1 ml 10% formal s a lin e  overn igh t.
The co v ers lip s  were then removed and placed in  g la ss  s c in t i l l a t io n  
v ia ls  p lus 10 ml In s ta g e l, and the  dual la b e lle d  ra d io a c tiv ity
3r 14determined. Incorporation was expressed as G ratio.
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During prelim inary  experiments i t  was discovered th a t  the 
formal s a lin e  f ix in g  procedure did  not rep resen t inco rpo ra tion  of 
the la b e lle d  p recu rso rs  in to  the app rop ria te  macromolecules, in  
24 h r cu ltu red  hepatocytes, in  the same manner as  d id  ac id  p re c ip ita tio n  
by TGA, e .g . when the c e l ls  were tre a te d  with a range o f AFB^  
concen tra tions and the inco rpo ra tion  o f p recurso r measured a f t e r  
TGA p re c ip i ta tio n , an apparent reduction  o f covalent binding of the 
rad io la b e l to  the macromolecules re su lte d . However, when the same 
experiment was performed using the formal sa lin e  f ix in g  technique, no 
reduction  of covalen t binding o f the ra d io la b e l by AFB^  was found.
Thus, inco rpo ra tion  o f the p recurso r was not being measured since the 
f ix in g  procedure d id  no t remove non-covalently  bound ra d io la b e l, and 
i t  was decided only to  use the ac id  p re c ip ita tio n  technique in  
f re sh ly  iso la te d  and 24 h r cu ltu red  hepatocytes. However, in  experi­
ments using a l iv e r-d e r iv e d  c e l l  l in e ,  e i th e r  technique gave the same
14r e s u l t s  and thus both techniques were used. G-leucine p re la b e llin g  
as an index of p ro te in  con ten t fo r  cu ltu red  hepatocytes was found to 
be as v a lid  as estim ating  p ro te in  using the Lowry technique. Also 
during prelim inary  experim ents the veh ic le  used fo r  AFB^  was DMSO, 
a t  a f in a l  concen tra tion  o f 2%, which i s  a commonly used so lv en t 
fo r  AFB .^ However, DMSO appeared to cause i r r e g u la r i t ie s  in  the 
shape o f the dose-response curve in  experim ents in  which the e f f e c t  
o f AFB^  concen tra tion  on RNA syn th esis  was in v es tig a ted . Thus an 
experiment was performed in  which various d i lu t io n s  o f d if f e r e n t  
so lven ts  -  DMSO, acetone, DMF and propylene g lyco l -  were added to  
f re sh ly  iso la te d  and 24 h r .c u ltu re d  hepatocy tes. The ac id -in so lu b le
sp e c ific  a c t iv i t i e s  o f ra d io la b e lle d  u rid in e  and o ro tic  ac id  were 
determined, see f ig .  2 .? . Of the so lven ts  examined, the l e a s t
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in h ib ito ry  e f f e c t  on the incorporation  o f RNA p recu rso rs  was exh ib ited  
by propylene g lycol used a t  a d ilu t io n  o f 1 in  10, i . e .  f in a l  con­
c e n tra tio n  0,2%. This so lven t was th e re fo re  used in  a l l  subsequent 
experiments e i th e r  a t  the aforementioned concen tra tion  o r a t  a 
h igher one (1 in  2) depending upon the concen tra tion  of AFB^  
requ ired ,and  the i r r e g u la r i t ie s  in  the dose-response curve observed 
w ith DMSO were elim inated  using propylene g ly co l.
In f re sh ly  iso la te d  and primary cu ltu red  hepatocytes, the
3 3in co rp o ra tio n  o f H -uridine was somewhat g re a te r  than th a t  o f  H -orotic
ac id . However, the inco rpo ra tion  o f ^ - o r o t i c  ac id  was more constan t
over the incubation  period , p a r t ic u la r ly  in  24 h r cu ltu red  hepatocytes
follow ing change o f medium when i t  was found th a t  th ere  was a la rg e
surge o f ^ - u r id in e  inco rpo ra tion  bu t ^H -orotic ac id  in co rp o ra tio n  was
constan t. Incorporation  o f ^ - o r o t i c  ac id  in to  RNA and DNA was checked,
and inco rpo ra tion  in to  DNA was found to be n e g lig ib le . Therefore,
% -o ro tic  ac id  was the  p re fe rred  p recu rso r in  the non-dividing
hepatocytes.
Thus the procedure adopted in  subsequent experim ents, using 
fre sh ly  is o la te d  and 24 h r cu ltu red  hepatocytes, and in  l a t e r  experi­
ments w ith the d iv id ing  c e l l  l in e ,  was as fo llow s: c e l ls  were seeded 
onto m u ltip la te  w ells a t  the app rop ria te  concen tra tions in  1 ml 
complete WME. Freshly iso la te d  hepatocytes were incubated immediately 
w ith various concen tra tions o f AFB^  in  d ilu te d  PG (1 in  10) and the 
la b e lle d  p recu rso r was added 45 min p r io r  to the end o f the incubation  
period . Primary cu ltu red  and d iv id ing  hepatocytes were p re la b e lle d  
with ^^G-leucine as described  p rev iously  and the  medium changed a f te r  
24 h r, a t  which time the various concen tra tions o f  AFBj^  were added 
and again the app rop ria te  la b e lle d  p recurso r incubated fo r  45 min
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p r io r  to term ination . A ll c e l l s  were then scraped and tra n s fe rre d  
together with the medium to  t e s t  tubes. The c e l l s  were cen trifuged  
a t  1000 g max fo r  5 min a t  4°G and washed with 3 x 3 ml cold 5% TGA. 
The p re c ip i ta te s  were so lu b ilis e d  in  1 ml 1 M NaOH and a liq u o ts  
taken fo r  rad io ac tiv e  counting and p ro te in  determ inations where 
re q u ire d .
The procedure used i s  shown in  the  follow ing schemes:
fre sh ly  iso la te d  c e l l s  
0
T
c e l l s
seeded
+
AFBj^  added
45
min
t
ra d io la b e lle d
precursor
added
t
term ination
o f
incubation
cu ltu red  c e l ls
24 h r
14,
/K
c e l l s
seeded
+
G leucine 14
/T\
medium 
changed - 
no
G leucine  
+
T
&
p recurso r
added
/|\
term ination
o f
incubation
AFB^  added
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(c) Estim ation o f C y to tox ic ity
The cy to tox ic  e f fe c t  o f AFB^  on hepatocytes was evaluated using 
several c r i t e r i a .
C ell death was su b je c tiv e ly  evaluated  using morphological c r i t e r i a  
o f v ia b i l i ty ;  c e l l s  were examined using a phase c o n tra s t microscope 
and photographs were taken o f the appearance o f the c e l ls  on 
exposure to AFB^. A graded sca le  o f v ia b i l i ty  was app lied  to  the 
c e l ls  based on su b jec tiv e  assessm ent, with opposite extremes denoted 
as 'O ' {lOOfo dead c e l ls )  and (appearance o f c e l l s  the same as
th a t  o f u n trea ted  c e l l s ) ,
In h ib itio n  o f  growth r a te  cannot be used fo r  non-dividing c e l ls  
as an estim ation  o f c y to to x ic ity  and thus th e re  i s  a problem in  
estim ating  v ia b i l i ty .  Also, a procedure involving minimal 
d istu rbance o f the c e l l s  i s  d e s ira b le . The technique to  be described  
using trypan blue gives a crude q u a n tita tiv e  estim ation  o f cyto­
to x ic i ty  w ithout causing fu r th e r  c e l l  death which could be an 
in h eren t problem o f a procedure which req u ire s  h arv estin g  o f these  
r e la t iv e ly  frsLgile primary cu ltu red  c e l l s ,
AFBj^ ' s cy to tox ic  e f f e c t  on hepatocyte v ia b i l i ty  was a lso  
estim ated using trypan b lue . F reshly iso la te d  hepatocytes were 
incubated in  m u ltip la te  w ells fo r  severa l periods, and a t  the end 
o f the incubation period  with AFB^  the c e l l s  were tra n s fe rre d  to t e s t  
tubes, cen trifu g ed , resuspended in  200 ^ 0 , 1 ^  trypan blue and the  
v ia b i l i ty  counted using a haemacytometer chamber, 'V iab le ' c e l l s  
excluded trypan blue whereas 'dead ' c e l l s  appeared b lue. C ells  no t 
t re a te d  with AFB^  were a lso  assessed  by trypan b lue . Cultured c e l l s  
were a lso  incubated in  m u ltip la te  w ells w ith AFB^  ^ a f t e r  the medium was 
changed. Trypan blue (400 jH) was then added to  the medium and v iab le
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and dead c e l l s  counted on the d ish  using a g ra tic u le  in  the eyepiece 
le n s . Several (3-4) d if f e re n t  a reas  (32 squares covering a to ta l  area  
o f 0,135 a t  a m agnification  o f x 320) o f  the well were counted 
with IOO-I5O c e l ls  counted per a rea . C ells  which were no t a ttached  
were a lso  included in  the c e l l  count because th is  may have re su lte d  
from the c y to to x ic ity ,
(d) Estim ation o f Macro m olecular Binding o f A flatoxin
AFB^  binding o f  macromolecules was determined in  f re sh ly  iso la te d
hepatocytes, based on a method described  by Decad a t  a l , (1979),
14Freshly  iso la te d  hepatocytes were incubated with C-AFB  ^ in  
100 ml round-bottomed f la sk s  contain ing  16 x 10^ c e l ls  in  20 ml 
WME fo r  various tim es as described  in  2,5 ( a ) ( i ) , At the  end o f 
the incubation  period , 5 ml o f cold 25% TCA was added to give a f in a l  
concen tra tion  of 5%° TCA, Two ml a liq u o ts  o f the c e l l  suspension were 
then co lle c te d  on g la ss  f ib re  f i l t e r s  (2 ,5  cm) which were washed 
2 X w ith 10 ml cold 5%° TCA, followed by 10 ml methanol and 3 washes 
o f 10 ml chloroform . The f i l t e r s  were tra n s fe rre d  to sealed v ia ls  
and incubated with 2 ml 1 M NaOH a t  37°G in  a shaking w ater bath . 
A liquots o f the so lu b ilis e d  m ate ria l were taken fo r  rad io ac tiv e  
s c in t i l l a t io n  counting, and p ro te in  determ ination , DNA was estim ated  
in  6 ml a liq u o ts  o f the o r ig in a l incubation  m ixture,
2,7 PRETREATMENT OF ANIMALS
Rats used in  c e r ta in  experiments were p re tre a te d  with various 
compounds; phenobarbitone, 3-m ethylcholanthrene, d ie th y l m aleate o r
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AFB^  feeding .
Phenobarbitone p re treatm en t involved the  in take  by r a t s  of 0,1% 
sodium phenobarbitone v ia  the drinking  w ater fo r  5 days o r more p r io r  
to  k i l l in g .
3-M ethylcholanthrene was in je c te d  i .p ,  d a ily  in to  r a t s  fo r  3 days, 
the l a s t  in je c tio n  being 24 h r p r io r  to  k i l l in g .  3-M ethylcholanthrene 
was d e liv ered  as 3 mg 0 ,5  ml” in  a rach is  o i l  p er r a t  (weight 
approximately 200 g) per day.
D iethyl m aleate was a lso  in je c te d  i .p ,  as a so lu tio n  o f 
0 ,6  ml kg”  ^ body weight a t  e i th e r  30 min o r 2 h r  p r io r  to k i l l in g .
A feeding regime o f 4 ppm o f AFB^  in  groundnut meal was given to 
r a t s  in  th e i r  d ie t  fo r  a t  l e a s t  6 weeks and then the  r a t s  were given a 
normal d ie t  fo r  a t  le a s t  5 days before k i l l in g .  The composition 
o f the to x ic  d ie t  was as  fo llow s;
25% n a tu ra lly  contaminated peanut meal contain ing  16 ppm 
AFB^  (very low AFG^  concen tra tion)
25% non-toxic peanut meal
50% ground 41B p e l le t s  and 2% a ra ch is  o i l  to  prevent 
d isp e rsa l o f the  to x ic  meal in to  the atmosphere,
2,8 STATISTICAL ANALYSIS OF DATA
Where a normal d is tr ib u tio n  o f d a ta  could be assumed to occur, 
the s ig n ifican ce  o f r e s u l ts  was ca lcu la ted  using the 's tu d e n t’ s t  
t e s t ' ,
X = the in d iv id u a l values w ith a group o f r e s u l ts  
n = the to ta l  number o f r e s u l ts  w ith in  a group 
i  = 1  n
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The mean (X) =
n
1 4 - ( i v
The variance of X
n - 1
The standard deviation (sd) = y  variance of X
The standard error of the mean (sem)
standard deviation
Thus, when comparing two saimples
t =
J 2 2 sem  ^ + sem^
The value of t is calculated and the probability, p, of the 
two samples being identical is found by referring to the value of p 
in the tables of t-distribution. Values of p < 0 ,0 5  were 
considered to indicate that the two compared results were
v’
statistically significantly different.
6?
CHAPTER 3
CYTOCHROME CONTENT OF HEPATOCYTES
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3.1 INTRODUCTION
Many of the enzyme systems responsib le  fo r  the metabolism of 
fo reign  compounds are  in te g ra l  p a r ts  of the smooth endoplasmic 
reticu lum , attached  to the l ip id  la y e rs  o f  i t s  membranes. These 
enzymes are  a lso  concerned with the.m etabolism  o f endogenous s te ro id s  
and p ro stag lan d in s, and b io sy n th esis  o f c h o le s te ro l and i t s  c a ta ­
bolism to  the b i le  a c id s . The b io transfo rm ation  o f l ip id -s o lu b le  
fo reign  compounds to  more p o lar m etabo lites, which can be excreted  
in  the u rine  o r b i le ,  u sually  occurs in  two phases (Williams, 1959). 
Phase I  p repares the compound fo r  conjugation, by providing p o lar 
groups, e .g . hydroxyl groups. In phase I I ,  the m etabolic product 
of phase I ,  o r the o r ig in a l compound i f  i t  possesses a p o la r  group 
which perm its conjugation, i s  conjugated with glucuronate, su lphate , 
g lu ta th io n e  o r o th e r groups (see ta b le  3 .1) v ia  the corresponding 
tra n sfe ra se  to  form commonly a more w ater so lub le  product. Phase I I  
i s  u sually  a detox ify ing  reac tio n  re su lt in g  in  excre tion  o f the 
compound.
Phase I  re a c tio n s  include ox id a tio n s, reductions and hydrolyses. 
Oxidative phase I  re a c tio n s  are the most im portant and are  alm ost a l l  
performed in  the h epatic  endoplasmic reticu lum  by the monoxygenases 
or mixed function  oxidase system (MFO) which has a broad su b s tra te  
s p e c if ic i ty .  However, the nuclear membrane con ta ins the same 
enzymes, although a t  much lower le v e ls  (Fahl e t  a l , ,  19?8). For 
chemical carcinogens which a c t v ia  form ation o f a c tiv e  m etabo lites 
and which in te ra c t  with components o f  the nucleus, th is  n uclear 
membrane lo c a tio n  may be very im portant. Equivalent amounts of 
molecular oxygen and NADPH (and su b s tra te )  are  u t i l i s e d  during the
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Table 3.1 Conjugation Reactions
Type o f 
conjugation
Types o f fo re ign  
compounds
Endogenous
substance
Major 
lo ca tio n  o f 
tra n s fe ra se s  
in  l iv e r
GSH 1 
conjugation
Epoxides, arene 
ox id es ,h a lid e s , 
n i tro  groups, 
hydroxylamine s
GSH Soluble
f ra c tio n
Glycine
conjugation
CoA d e r iv a tiv e s  
o f carboxylic 
acids^
Glycine Mitochondria
A céty lation Primary amines Acetyl-GoA^ Soluble
f ra c tio n
G lucuronidation P heno ls,a lcoho ls, 
carboxylic ac id s , 
primary amines, 
hydroxylamine s , 
sulphonamides, 
th io ls ,d i th io ic  
ac id s
Uridine 
diphospho- 
glucuronic 
acid*
Microsomes
Sulphate
conjugation
P heno ls,a lcoho ls, 
arom atic amines
3'-Phospho-
adenosine
5'-phospho-
sulphate-5
Soluble
fra c tio n
M éthylation
reac tio n s
C atechols,phenols 
am ines,histam ine
S-adenosyl-
m ethionine°
Soluble
fra c tio n
The GSH conjugates are converted to  cy ste in e  d e r iv a tiv e s  and N -acetyl 
cy ste in e  d e r iv a tiv e s  before they are  excreted  as m ercapturic ac id s .
^The CoA d e r iv a tiv e s  are  formed from carboxylic  a c id s , ATP and GoA 
in  the so lub le  f ra c tio n .
^Acetyl-CoA i s  formed from a c e ta te , ATP and GoA in  the soluble 
f ra c tio n  o f l iv e r ,
^U ridine diphosphoglucuronic ac id  (UDPGA) i s  formed from a-g lucose 
1-phosphate and u rid in e  triphosphate  in  the so lub le  f ra c tio n ,
^3'-Phosphoadenosine 5 '-pMosphosulphate (PAPS) i s  formed from ATP 
and sulphate in  the so luble f ra c tio n ,
^S-Adenosylmethionine i s  formed from ATP and methionine in  the 
so lub le  f ra c tio n .
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re a c tio n  (G ille t te  and Jollow, 1974). The ox ida tive  re a c tio n s  
include a lk y l- ,  aryl-, and N-hydroxylation, N- and 0 -d ea lk y la tio n s , 
deam inations, desulphuration  and d ech lo rin a tio n . Most o f  these 
re a c tio n s  r e s u l t  in  hydroxylation o f the compound (G ille t te  and 
Jollow, 1974). The MFO system i s  a lso  involved in  a c tiv a tio n  o f 
compounds, e .g . arene oxide form ation, which may then be hydrated to 
formi d ihydrod io ls , a re a c tio n  considered to be d e to x if ic a tio n .
The MFO re ac tio n s  can be described  in  the equation shown 
below;-
MFO
RH + NADPH + Og 4- H --------------> ROH + NADP'^  + H^ O
where RH = su b s tra te , ROH = ox idation  product.
The MFO system c o n s is ts  o f cytochrome P^^^, NADPH-cytochrome c 
reductase and a l ip id  (phosphatidy lcholine). The haemoprotein, 
cytochrome Pij,^o’ &cts as the term inal e lec tro n  accep to r fo r  a v a r ie ty  
o f ox ida tive  rea c tio n s ; i t s  name i s  derived  from the absorp tion  peak 
formed a t  450 nm when i t s  reduced form i s  combined with carbon 
monoxide (see review, G il le t te  and Jollow , 1974). The NADPH i s  the 
primary source o f e lec tro n s  fo r  the MFO systems and these are t ra n s ­
fe rre d  to the cytochrome P^ ^^ q- su b stra te  complex by the f la v o p ro te in , 
NADPH-cytochrome c reductase . The l ip id  component o f the system i s  
e s se n tia l  fo r  the a c t iv i ty  of the drug-m etabolising enzymes but i t s  
ro le  i s  unclear.
The cu rren t view of the sequence o f molecular events i s  d ep ic ted  
in  f ig .  3 .1 . Measurement o f the cytochrome P^ ^^  ^ con ten t o f t is s u e s ,  
including  microsomal f ra c tio n s  and c e l l  suspensions, g iv ^ a n  in d ic a tio n
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o f the a c t iv i ty  o f the monoxygenases in  these systems.
A major c h a ra c te r is t ic  o f  the MFO system i s  i t s  in d u c ib i l i ty  by 
a wide range o f chem icals, includ ing  drugs, in se c tic id e s  and poly- 
c y c lic  hydrocarbons (see reviews Gonney, 19&7; Remmer, 1972). This 
process o f induction , involving ^  novo p ro te in  sy n th esis , occurs 
only in  in ta c t  c e l l s .  Two of the most commonly s tud ied  inducers 
are phenobarbitone and 3-m ethylcholanthrene (3-MC), a po lycyclic  
hydrocarbon. P retreatm ent o f animals w ith compounds such as these 
induce d if f e r e n t  hydroxylating a c t iv i t i e s  w ith re sp e c t to  su b s tra te , 
in  microsomes, and th e re  i s  now conclusive evidence fo r  the 
ex istence o f m ultip le  forms o f cytochrome in  hep a tic  microsomes
obtained from the same animal (G ille t te  and Jollow, 1974; Ryan e t  , 
1975; W e l t o n e t ^ . ,  1975; L u ^  ^ . , 1976). These d if f e r e n t  
hydroxylating a c t iv i t i e s  are p a ra lle le d  by the  presence o f severa l 
forms o f the haemoprotein, in  microsomes, which can be d is tin g u ish ed  
by d if f e r e n t  sp e c tra l , c a ta ly t ic  and an tig en ic  c h a ra c te r is t ic s ,  and 
d if f e re n t  molecular w eights (Lu e t  , 1976; Guengerich, 1978). The 
cytochrome conten ts in  the microsomes are  increased  by p read m in is tra tio n  
o f phenobarbitone o r 3 -MG, and these  cytochromes have d if f e r e n t  
c h a ra c te r is t ic  absorbance peaks o f th e i r  d iffe ren ce  sp ec tra , i . e .
450 nm and 448 nm fo r  the phenobarbitone -  (cytochrome P^^^) and 
3 -MG-(cytochrome P ^  o r cytochrome Pl^^g) induced cytochromes 
re sp e c tiv e ly . I t  has been suggested th a t  the  d if f e re n t  forms of 
cytochrome P^^^ r e f l e c t  a degree o f s p e c if ic i ty  on the MFO system
(Welton e t  a d . , 1975)•
In th is  study, which i s  concerned with re la tio n sh ip  between 
a f la to x in  metabolism and a c tiv a tio n  and i t s  b io lo g ica l e f f e c t  on 
nucle ic  ac id  sy n th esis , a knowledge of the q u a li ta t iv e  and q u a n ti ta t iv e
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asp ec ts  o f the cytochromes p resen t in  the iso la te d  hepatocytes i s  
c le a r ly  o f im portance.
The to t a l  cytochrome content o f u ltra so n ic a te d  f re sh ly
iso la te d  and primary cu ltu red  hepatocytes i s  th e re fo re  measured by 
the GO-difference sp ec tra  and c o rre la te d  with the c a p a c itie s  o f 
these c e l ls  to  m etabolise AFB^  and the  c y to to x ic i t ie s  observed.
I t  has been rep o rted  by sev era l workers (B isse ll and Guzelian, 1975» 
Paine and Legg, 1978) th a t  the  le v e l o f cytochrome P^^q in  r a t  
hepatocytes cu ltu red  fo r  24 h r  f a l l s  to  20- 30% o f the  i n i t i a l  va lues. 
Gytochrome P^ ^^ q le v e ls  are  th e re fo re  assayed fo r  the  presence o f 
th i s  phenomenon in  hepatocytes iso la te d  from the F ischer r a t s  used 
in  th is  in v e s tig a tio n . The involvement o f the in d iv id u a l cytochromes 
in  the c y to to x ic ity  and metabolism o f  AFB^  i s  examined and th e re fo re  
the e f f e c t  o f p re tre a tin g  r a t s  w ith phenobarbitone and 3-MG on the  
cytochrome P^^^ conten ts o f these  c e l ls  i s  determined.
3.2 Q.UANTITATION OF GYTOGHROME P^ r^g
A common problem encountered when measuring le v e ls  o f c e l lu la r  
components in  a non—div id ing  c e l l  system i s  deciding how to 
qu an tify  the p a r t ic u la r  component concerned. There i s ,  th e re fo re , 
a need fo r  a fa c to r  which does not change under th e  cond itions o f  the 
experiment. Often the q u a n tita tio n  i s  expressed p er u n it  p ro te in , 
although c e l lu la r  p ro te in  con ten t may vary considerably  in  d i f f e r e n t  
p rep ara tio n s  o f iso la te d  hepatocy tes. Q uan tita tion  expressed per 
u n it  DNA i s  o ften  used as an a l te rn a t iv e ,  as c e l lu la r  DNA con ten t i s  
considered to  be f a i r l y  co nstan t. However, the average DNA con ten t 
o f hepatocytes in creases  as the r a t s  age. D iploid (2n) c e l ls  are
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most freq u en t in  young animals bu t b inuclea te  and subsequent 
polyplo id  (4n to 8n) c e l l s  appear w ith in creasin g  frequency as 
ageing occurs (jones, I 967) .  Q uan tita tion  may a lso  be expressed 
p er c e l l ,  but th i s  may be inaccu ra te  when c e l l  numbers are  low and 
d i f f i c u l t  to  count as  may be the case in  cu ltu red  c e l l s .
In th i s  study, c e l lu la r  p ro te in  and DNA conten ts were measured 
in  f re sh ly  iso la te d  hepatocytes and in  hepatocytes grown in  cu ltu re  
fo r  24 h r , as described  in  chap ter 2 .5 (a) and 2 .5 (c ) . From ta b le
3.2  i t  can be seen th a t ,  although the  p ro te in  con ten t p e r 10^ c e l ls  
varied  s l ig h t ly  in  d if f e r e n t  p rep ara tio n s , the  p ro te in  values in  
f re sh ly  iso la te d  and 24 h r cu ltu red  hepatocytes from co n tro l r a t s  d id  
not s ig n if ic a n tly  d i f f e r  (1 .3  + 0.1  and 1.1 + 0.1 mg p ro te in  10^ 
c e l l s “  ^ r e s p e c tiv e ly ) . However, the 24 h r  cu ltu red  hepatocytes from 
con tro l r a t s  appeared to have a reduced DNA conten t per 10^ c e l ls  
compared to  th a t  o f f re sh ly  iso la te d  hepatocytes (10.8 + 1 ,4  and 
15.4  + 1.3  ^g DNA 10^ c e l l s '^  re sp e c tiv e ly , ta b le  3 .2 ) . The average 
c e l lu la r  DNA content in  d if f e re n t  p rep ara tio n s  varied  presumably 
due to d iffe re n c es  in  p loidy d is tr ib u tio n  with the d if f e r e n t  r a t s  
used. A po ssib le  exp lanation  fo r  the  phenomenon o f lower average DNA 
le v e ls  per c e l l  in  cu ltu red  hepatocytes may be th a t ,  although the 
i n i t i a l  p rep ara tio n  o f hepatocytes con tains a mixed population  o f 
c e l ls  w ith d if f e r e n t  p lo id ie s , a s e le c tiv e  process occurs whereby 
the d ip lo id  c e l l  has a h igher p la tin g  e ffic ie n c y  than the c e l l  o f  
h igher p lo idy  and thus the average DNA conten t per c e l l  appears to 
decrease. This find ing  may be im portant, p a r t ic u la r ly  i f  c e l l s  o f 
d if f e r e n t  p lo id ie s  d i f f e r  with re sp e c t to drug m etabolising c a p a c it ie s ,
and should be fu r th e r  in v es tig a ted .
Phenobarbitone and 3-m ethylcholanthrene pretreatm en t o f r a t s
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Table 3.2 DNA and P ro te in  Levels in  U ltrason icated  Freshly
Iso la te d  and 24 h r Cultured Hepatocytes from U ntreated 
and In Vivo P re trea ted  F ischer Rats
DNA
(jig 10^ c e l ls
P ro te in  
(mg 10^ c e l l s
Freshly iso la te d  
hepatocytes
U ntreated
24 h r  cu ltu red  
hepatocytes
18.9 ± 1 .2
(3)
12.8 ±  1.3
(3)
P  < 0.1
1.3  ±  0.1
(17) 
1.1 + 0.1
(9)
NS
Freshly  iso la te d  
hepatocytes
Phenobarbitone
24 h r cu ltu red  
hepatocytes
23.7*
14.9*
1.7  ±  0 .1**
(4)
1.2  + 0.2
(3)
NS
Freshly  iso la te d  
hepatocytes
3-Methyl-
cholan-threne cu ltu red  
hepatocytes
19.9 ± 4 .4  
(2)
17.4 ±  1.8
(2)
NS
2.0 + 0 . 2**
(4)
1.6  + 0.2  
(4)
NS
Freshly  iso la te d  
hepatocytes
AFB. Fed
24 h r cu ltu red  
hepatocytes
20.6 + 2.0 
(2) 
23.0*
1 .4  + 0.1 
(4) 
1 .4*
R esults expressed as mean + S.E.M,
Number o f values in  paren theses.
p determined by s tu d e n t 's  ' t '  t e s t ,  w ith values in  24 h r  c u ltu re s  
compared to  values in  fre sh ly  iso la te d  hepatocytes,
* Single determ ination only
**Protein values h igher than in  fre sh ly  iso la te d  hepatocytes from 
un trea ted  r a t s ,  p <  0.1 fo r  both.
NS = Not s ig n if ic a n t .
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re su lte d  in  a h igher p ro te in  con ten t per c e l l  as would be expected
(ta b le  3 . 2) . However, the h igher p ro te in  values in  hepatocytes
from 3-MG p re tre a te d  r a t s  may in  p a r t  be due to p ossib le
in te rfe re n c e s  w ith the p ro te in  determ ination . The Lowry method
uses a reagen t which re a c ts  w ith phenols and the 3- MO may be
m etabolised to a phenol in  vivo (Nesnow and H eidelberger, 1975)
thus giving a spuriously  high p ro te in  value in  the hepatocy tes. I f
i t  i s  assumed th a t  the  d iffe ren ce  in  p ro te in  content per c e l l  between
c e l ls  from 3-MG p re tre a te d  r a t s  and c e l ls  from con tro l r a t s  i s  t o ta l ly
due to in te rfe ren ce  by phenol m etabo lites o f 3-MG then 35.4 yg phenol 
6 —110 c e l l s ” would be needed to  be formed to account fo r  th is  
d iffe re n c e . This p o ssib le  in te rfe re n c e  has no t been fu r th e r  
in v estig a ted  in  the  p resen t study. Although the mean p ro te in  
content o f  hepatocytes from AFB^  fed r a t s  was not s t a t i s t i c a l l y  
s ig n if ic a n tly  d if f e re n t  from th a t  in  c e l l s  from un trea ted  r a t s ,  i t  
was noted th a t  th e re  was a small increase  in  p ro te in  con ten t in  the 
former. I t  was a lso  observed th a t  th e re  was a la rg e  v a r ia tio n  in  
c e l l  s iz e  o f hepatocytes re s u l t in g  from AFBj^  feeding when th ese  c e l l s  
were viewed under the  microscope co n s is te n t w ith the well-documented 
e f fe c t  o f AFBj^  on the s ize  o f hepatocytes In  vivo (B utler and Barnes,
1963).
In the l ig h t  o f these r e s u l ts  i t  would seem th a t  cytochrome P 
may be more accu ra te ly  expressed per lO^ c e l l s  o r per mg p ro te in .
450
ra th e r  than per jig DNA. Table 3 .3  shows the  cytochrome le v e ls
(measured as described  in  chap ter 2 . 5 (b)) in  fre sh ly  is o la te d  and 
24 h r cu ltu red  hepatocytes from un trea ted  r a t s  expressed p er mg 
p ro te in , per 10^ c e l l s  and per pg DNA. In  agreement w ith the r e s u l t  
o f o th e r workers, the cytochrome P^^^ le v e ls  in  hepatocytes
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Table 3 .3  Gytochrome bevels in  U ltrason ica ted  F resh ly
Iso la te d  and 24 h r Gultured Hepatocytes from 
U ntreated F ischer Rats
Gytochrome Levels (pmol-e)
per mg p ro te in per 10^ c e l ls per ^g DNA
Freshly  iso la te d  
hepatocytes
24 h r  cu ltu red  
hepatocytes
328.3 ±  23.1 
(19)
100%
92.9 + 10.1 
(15) 
28.3 ±  3 .1 ^
p < 0.001
434.8 + 27.6 
(24)
100%
91.3  1  7.4  
(17)
21.0 + 1.7%
p < 0.001
32.9 + 3.7
(7)
100%
11.2 + 4.0 
(4)
34.0 + 12 . 2% 
p < 0.05
Results expressed as mean + S.E.M,
Number of values in parentheses,
p determined by student's 't' test, with values in 
24 hr cultures compared to values in freshly 
isolated hepatocytes.
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s ig n if ic a n tly  decreased during the 24 h r c u ltu re  period  to 
approximately 20-30% o f the  i n i t i a l  value (p <  O.OOl) and by 
48 h r in  c u ltu re  the cytochrome le v e ls  were 70.5 + 9.6  pmole 10^
c e l l s '^  (16% o f i n i t i a l  le v e l ,  p < 0 .0 0 2 ) . I t  was found th a t  the  
le v e l  o f cytochrome in  hepatocytes from F ischer r a t s  are
h igher (more than double) than repo rted  le v e ls  fo r  hepatocytes from 
o th er s tr a in s  o f r a t s  (Decad e t  , 1977; Paine and Legg, 1978) 
which i s  c o n s is te n t w ith the h igher in  vivo cytochrome Pj^ ^q le v e ls  
found in  F ischer r a t s  compared to o th e r s t r a in s .  Yet, although 
the i n i t i a l  le v e ls  o f  th i s  haemoprotein in  hepatocytes from F ischer 
r a t s  are h igher, the percentage decrease in  these le v e ls  in  24 h r  
cu ltu red  c e l ls  i s  the same as th a t  rep o rted  fo r  hepatocyte c u ltu re s  
from o th e r (Porton, Sprague-Dawley) s tr a in s .
3.3 EFFECT OF VARIOUS IN VIVO PRETREATMENTS ON THE GYTOGHROME P;^^^
CONTENT OF FRESHLY ISOLATED AND 24 HR GULTURED HEPATOCYTES
6 —1The cytochrome P^^^ content (pmole 10 c e l l s  ) o f fre sh ly  
iso la te d  hepatocytes was increased  3- fo ld  by in  vivo phenobarbitone 
pretreatm ent and more than doubled by 3-MG pretreatm en t ( ta b le  3 .4 ) . 
The AFB^  feeding regime d id  no t s ig n if ic a n tly  a l t e r  the con ten t o f 
cytochrome P^ ^^  ^ in  e i th e r  f re sh ly  iso la te d  o r 24 h r cu ltu red  
hepatocytes compared to the le v e ls  p resen t in  c e l ls  from u n trea ted  
r a t s .  The f a l l  in  cytochrome Pj^^q found in  co n tro l hepatocytes 
a f te r  24 h r in  c u ltu re  was also  observed in  c u ltu re s  prepared from 
phenobarbitone and 3-MG p re tre a te d  r a t s ,  although the  a c tu a l le v e ls  
o f th i s  MFO component in  these c u ltu re s  were s t i l l  h igher than those
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Table 3 ,4  Gytochrome P,^ rQ Levels in  U ltrason icated  Freshly
Iso la te d  and 24 h r  Gultured Hepatocytes from Untreated 
and In Vivo P re trea te d  F ischer Rats
Gytochrome P^^q le v e ls  (pmole)
per mg p ro te in per 10  ^ c e l l s
Freshly  iso la te d  
hepatocytes
U ntreated
24 h r  cu ltu red  
hepatocytes
3 2 8 .3  + 2 3 .1
(1 9 )
100%
9 2 .9  1  1 0 .1  
(1 5 )
434 .8  + 27 .6
( 2 4 )
100#
9 1 .3  + 7 .4  
(17)
Freshly iso la te d  
hepatocytes
Phenobarbitone
24 h r  cu ltu red  
hepatocytes
797 .6  + 1 0 6 .4
(5) ^ .
243  + 32%
p < 0 .0 2
2 4 1 .3  + 4 7 .9  
(4 )
1357 .3  + 125.1
(4 )
312 + 29#  
p < o .o l
276 .3  + 21 .0
(4 )
Freshly iso la te d  
hepatocytes
3-M ethylcholanthrene
24 h r cu ltu red  
hepatocytes
549 .5  + 33.6  
(5)
167 + 10^
p < 0 .0 2
163.0  + 3 0 .4  
(4 )
1070.0 + 117.6
,(4 )  ^ 
246  + 27#
p < 0.02
2 4 1 .8  + 38 .2  
(4)
Freshly  iso la te d  
hepatocytes
AFB^  Fed
24 h r cu ltu red  
hepatocytes
294.2 + 33.8
(5)
90 + 10#
HS
115 .7  + 3 2 .3  
(3)
4 8 8 .0  + 55.2
( 3 )  ^
112  + 39#  
NS
159.7 + 54.7
(3)
R esu lts  expressed as mean + S.E.M., and as percentage o f le v e ls  in  
u n trea ted  fre sh ly  iso la te d  hepatocy tes.
Number o f values in  paren theses.
p determined by s tu d e n t 's  ' t '  t e s t ,  with values in  f re sh ly  iso la te d  
hepatocytes from p re tre a te d  r a t s  compared to values in  f re sh ly  
iso la te d  hepatocytes from u n trea ted  r a t s .
NS = Not s ig n if ic a n t.
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in  c u ltu re s  from un trea ted  r a t s .  I t  i s  o f in te r e s t  to note th a t  the 
percentage decrease seen in  24 h r  cu ltu red  hepatocytes was f a i r l y  
constan t ir re s p e c tiv e  o f the i n i t i a l  le v e l ,  normal o r induced 
( ta b le  3 .5 ).
3.4 GYTOGHROME ESTIMATION IN LIVER-DERIVED DIVIDING GELL LINE
In th is  study a liv e r-d e r iv e d  d iv id in g  e p i th e l ia l - l ik e  c e l l  l in e  
was used in  experiments which was developed as described  in  
chapter 2 .4 (c) and named BL8L. These c e l l s  were examined fo r  
cytochrome conten t by the method prev iously  described .
Gytochrome P^^^ could not be de tec ted  in  the BL8L c e l l  l in e  by th i s  
method which can d e te c t le v e ls  o f  cytochrome Pj^^g as  low as 20 pmole 
ml  ^ c e l l  suspension under the  cond itions used.
3.5 GOMPARISON OF GYTOGHROME P^ r^g IN FRESHLY ISOLATED AND 24 HR
GULTURED HEPATOGYTES FROM UNTREATED AND IN VIVO PRETREATED RATS
AS DETERMINED BY POLYAGRYLAMIDE GEL ELEGTROPHORESIS
A prelim inary  experiment was performed to  analyse the 
SDS-polyacrylamide gel e le c tro p h o re tic  p a tte rn s  produced by micro­
somal membrane p ro te in s  prepared from fre sh ly  iso la te d  and 24 h r 
cu ltu red  hepatocytes obtained from co n tro l r a t s ,  and comparisons made 
with the microsomal p ro te in  band p a tte rn s  produced by c e l l s  prepared 
from phenobarbitone and 3-MG in  vivo p re tre a te d  r a t s  and a lso  r a t s  fed 
a chronic low-dose d ie t  o f AFBj^ , The methods used fo r  preparing  
microsomes from hepatocytes and fo r  e lec tro p h o res is  by the system 
o f Laemmli are described  in  chap ter 2 .5 (e ) and ( f ) .
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Table 3,5 Percentage Decrease in  Gytochrome Content
o f 24 h r  Gultured Hepatocytes from U ntreated and In 
Vivo P re trea ted  F ischer Rats
% Gytochrome 
conten t in  24 h r  c u ltu re s
24 h r  cu ltu red  hepatocytes per mg p ro te in per 10^ c e l l s
U ntreated r a t 28.3 + 3 .1#  
(15)
21.0 + 1 .7% 
(17)
Phenobarbitone p re tre a te d  
r a t
30.3 + 6 .0# 
(4)
20.4 + 1.5% 
(4)
3-M ethylcholanthrene 
p re tre a te d  r a t 29.7 + 5 .5 #  
(4)
22.6 ±  3 . 6%
(4)
AFB^  fed r a t 39.3 + 11.0# 
(3)
32.7 1  11.2% 
(3)
Values expressed as percentage of levels in 
corresponding freshly isolated hepatocytes. 
Number of values in parentheses.
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A photograph of the  e lec tro p h o re tic  p a tte rn  of microsomal 
p ro te in s  obtained from fre sh ly  iso la te d  hepatocytes prepared from 
co n tro l r a t s  and r a t s  rece iv in g  the d if fe re n t  p re treatm en ts i s  
presented  (p la te  3 .1 ) . In th is  prelim inary  study, although the 
band re so lu tio n  was f a i r ly  poor, d iffe ren ces  in  the band p a tte rn s  
from the various hepatocytes could be observed. The e le c tro p h o re tic  
band p a tte rn s  produced by hepatocyte microsomes from co n tro l anim als 
and phenobarbitone and 3-MG stim ulated  r a t s  appeared to  be con­
s is te n t  with published da ta  fo r  r a t  l iv e r  microsomal band p a tte rn s  
(Sharma e t ^ . ,  1979). The p ro te in  band p a tte rn s  obtained using 
microsomes prepared from fre sh ly  iso la te d  hepatocytes from AFB^  
fed r a t s  was very s im ila r  to  th a t  fo r  c e l l s  from co n tro l r a t s .  A 
p ro te in  band which was p a r t ic u la r ly  induced by phenobarbitone in  
vivo pre treatm en t i s  designated as ' I ' ,  whereas a p ro te in  band 
p a r t ic u la r ly  induced by 3-MG pretreatm ent i s  designated  ' I I ' ,  
and these are  co n s is ten t with p ro te in  bands rep o rted  to  be cytochrome 
PA50 cytochrome re sp e c tiv e ly  (Sharma a t  ^ . , 1979).
The gel e le c tro p h o re tic  p a tte rn s  fo r  microsomes prepared from 
24 h r cu ltu red  hepatocytes had considerably  reduced band in te n s i t i e s  
(presumably as a r e s u l t  of in s u f f ic ie n t  p ro te in  loaded onto the  gel) 
and thus the p a tte rn s  d id  not s ta in  s u f f ic ie n t ly  to  be seen c le a r ly  
from the photograph. Therefore, a schematic diagram of the band 
p a tte rn s  obtained from microsomal p ro te in s  from the cu ltu red  c e l l s  i s  
presented  to g e th er w ith the corresponding schematic p a tte rn s  obtained 
from fre sh ly  iso la te d  hepatocytes ( f ig .  3 .2 ) . The band in te n s i t i e s  
from the 24 h r cu ltu red  hepatocyte microsomes prepared from co n tro l 
and AFB^  fed r a t s  were very f a in t ,  but n ev erth e less  i t  could be seen 
th a t  the in te n s i ty  of band I  was r e la t iv e ly  lower than th a t  of band I I ,
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P la te  3.1 /  SDS-Gel E lec tro p h o re tic  P a tte rn s  of Microsomal R roteins ..from 
Freshly  Iso la te d  Hepatocytes Prepared from Control and 
In Vivo P re trea ted  Rats
CON PB 3-MG AFB^  FED
Fig. 3 .2  Schematic Diagram o f Above Gel P a tte rn s  and Gel P a tte rn s  from 
Corresponding 24 h r Gultured Hepatocyte Microsomes
■ I
*= c u ltu re s  CON 'GON* PB
PB = Phenobarbitone p re trea ted .
I
PB^ 3+MG 3-MG^  AFB I^PID AFB^  FED *
= D irec tion  o f electrom agnetic  m igration
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which i s  con trary  to the s itu a tio n  found in  the corresponding fre sh ly  
iso la te d  hepatocytes where band I  in te n s i ty  i s  r e la t iv e ly  g re a te r  
than th a t  of band I I .  In microsomes prepared from 24 h r cu ltu red  
hepatocytes from phenobarbitone p re tre a te d  r a t s ,  the in te n s i ty  o f 
band I  was a lso  r e la t iv e ly  much lower compared to  th a t  o f band I I ,  
the in te n s i ty  o f which appeared to be r e la t iv e ly  g re a te r  than th a t  
in  the corresponding f re sh ly  iso la te d  c e l l s .  The band p a tte rn  in  
cu ltu red  hepatocyte microsomes was very s im ila r  to  th a t  from the 
corresponding fre sh ly  iso la te d  c e l ls ,  although the o v e ra ll in te n s i ty  
was reduced,
The GO-difference sp ec tra  of cytochrome o f u ltra so n ic a te d
fre sh ly  iso la te d  and 24 h r cu ltu red  hepatocytes from co n tro l r a t s  and 
r a t s  p re tre a te d  in  vivo with phenobarbitone, 3-MG and fed AFB^  d ie t  
were compared. The spectrum from fre sh ly  iso la te d  hepatocytes was 
s im ila r  in  c e l l s  from co n tro l, AFB^  fed and phenobarbitone p re tre a te d  
r a t s  with an absorbance maximum a t  approximately 454 nm. This s h i f t  
in  absorbance peak has been repo rted  to  be due to a reduction  in  
absorbance around 445 nm asso c ia ted  w ith the in te ra c tio n  o f reduced 
cytochrome oxidase w ith carbon monoxide (Kowal ^  , 19?0). The
absorption  maximum fo r  the spectrum from fre sh ly  iso la te d  hepatocytes 
prepared from 3-MG in  vivo p re tre a te d  r a t s  was found to be a t  
approximately 448 nm (see f ig .  3.3%). Although a s h i f t  in  the 
absorp tion  maximum due to  the in te ra c tio n  o f reduced cytochrome 
oxidase with carbon monoxide would a lso  have been expected in  c e l l s  
from 3-MG p re tre a te d  r a t s ,  th is  was no t found and the reason fo r  th is  
i s  not c le a r . Gontrary to the sp ec tra  found in  the f re sh ly  is o la te d  
hepatocytes, in  the cu ltu red  c e l ls  the  absorp tion  maximum of th e  GO- 
d iffe ren ce  spectrum was found to be a t  approxim ately 452 nm fo r  the
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Fig. 3*3 Gytochrome P^^q-CO D ifference Spectra in  Freshly Iso la te d  
and 24 h r C ultured Hepatocytes from Phenobarbitone and
3-M ethylcholanthrene P re trea ted  Rats.
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cu ltu red  c e l ls  prepared from co n tro l, AFB^  fed and phenobarbitone 
p re tre a te d  r a t s ,  and a t  450 nm fo r  the  cu ltu red  hepatocytes from 3-MG 
p re tre a te d  r a t s  (see f ig .  3.3%). This suggests, th e re fo re , th a t  the 
cytochrome ' s in  the cu ltu red  hepatocytes from the d if f e re n tly  
p re tre a te d  r a t s  and co n tro l r a t s  had s im ila r  sp e c tra l c h a ra c te r is t ic s  
w ith re sp ec t to  th e i r  GO-difference sp ec tra , con trary  to  the q u ite  
d is s im ila r  sp ec tra  o f the  cytochrome P^^^' s obtained from fre sh ly  
iso la te d  hepatocytes prepared from phenobarbitone and 3-MG 
p re tre a te d  r a t s ,
3.6  SUMMARY
The cytochrome Pj^ ^q con ten t o f f re sh ly  iso la te d  hepatocytes was 
increased  2-3 fo ld  by phenobarbitone p read m in is tra tio n  vivo to  r a t s ,  
and by 1 .5 -2 .5  fo ld  by 3-MG p read m in is tra tio n . These p re treatm en ts 
a lso  caused increased  p ro te in  concen tra tion  in  these  c e l l s .  The 
cytochrome P^ ^^ q con ten t o f 24 h r cu ltu red  hepatocytes decreased to 
20-40^ o f the le v e l  found in  corresponding f re sh ly  iso la te d  c e l l s  from 
co n tro l and p re tre a te d  r a t s .  SDS-gel e le c tro p h o re tic  p a tte rn s  o f 
microsomal p ro te in  prepared from fre sh ly  iso la te d  hepatocytes would 
te n ta t iv e ly  suggest th a t  c e r ta in  bands o f d if fe r in g  m olecular w eights 
(bands I  and I I ) were induced by phenobarbitone and 3-MG p re trea tm en ts  
co n s is te n t w ith published d a ta  fo r  cytochrome P^^^ and cytochrome 
^A48’ z^sp ec tiv e ly , in  l iv e r  microsomal p ro te in . In  c o n tra s t, the 
band p a tte rn s  from 24 h r cu ltu red  hepatocyte microsomal p ro te in  were 
s im ila r  in  c e l l s  from co n tro l r a t s  and r a t s  rece iv in g  the 3 d i f f e r e n t  
p re trea tm en ts , and these p a tte rn s  resembled more c lo se ly  the p a tte rn  
obtained from microsomes prepared from hepatocytes iso la te d  from 3-MG
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p re tre a te d  r a t s .  In  ad d itio n , the GO-difference sp ec tra  of 
cytochrome in  f re sh ly  iso la te d  hepatocytes from phenobarbitone
p re tre a te d  r a t s  (which was the same as th a t  from co n tro l and AFB^  
fed r a t s )  had a d if f e re n t  absorp tion  maximum to th a t  o f iso la te d  
hepatocytes from 3-MG p re tre a te d  r a t s ,  th i s  d iffe ren ce  being 
v i r tu a l ly  e lim inated  in  24 h r cu ltu red  hepatocytes.
I t  was found in c id e n ta lly  th a t  the DNA conten t o f 24 h r 
cu ltu red  hepatocytes, from con tro l r a t s  in  p a r t ic u la r ,  appeared to  
be approximately tw o-th irds o f the DNA con ten t o f  f re sh ly  iso la te d  
hepatocytes.
CHAPTER 4
METABOLISM OF AFB^  BY FRESHLY ISOLATED AND 24 HOUR 
PRIMARY CULTURED HEPATOCYTES FROM FISCHER RATS
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4.1 INTRODUCTION
As d iscussed  in  chap ter 1, the metabolism o f AFB^  has been 
ch a rac te rised  in  c e r ta in  v i tro  systems, p a r t ic u la r ly  in  
microsomal incubation  systems, and an a ly s is  o f metabolism has been 
based on organic so lv en t-ex trac tio n  followed by sep ara tio n  and 
q u a n tif ic a tio n  using TLC techniques (see review, Campbell and 
Hayes, 19?6), HPLC s tu d ie s  o f in  v itro  metabolism have been ra re  
(Hsieh e t  a d . , i9?6; Unger ^  ^ . , 1977), and the advantages o f 
reversed-phase HPLC have only re c en tly  been exp lo ited  (Colley and 
Neal, 1979; Neal and C olley, 1978 and 1979). However, in v e s tig a tio n  
of the metabolism o f AFB^  by in ta c t  hepatocytes, both as fre sh ly  
iso la te d  c e l l s  and primary c u ltu re s , has been minimal, although 
some work has been c a rr ie d  out using primary cu ltu red  hepatocytes 
in  s tu d ie s  on the maintenance of cytochrome P^^^ by a m ixture of 
hormones (Decad e t  ad .,  1977). The metabolism o f AFB ,^ however, was 
examined only by TLC by these workers.
This chap ter p re sen ts  the r e s u l t s  of experiments in v e s tig a tin g  
the incubation  o f AFB^  w ith f re sh ly  iso la te d  and 24 h r  primary 
cu ltu red  hepatocytes from un trea ted  r a t s .  Also, the e f fe c ts  of 
p re tre a tin g  the r a t s  with phenobarbitone, 3-m ethylcholanthrene, o r 
the feeding o f AFB^  on AFB^  metabolism by these c e l l s  have been 
assessed using predominantly HPLC an a ly s is  and rad io ac tiv e  s tu d ie s  
with some, mainly confirm atory, TLC data .
4 .2  EXPERIMENTAL SCHEDULE
14Freshly  iso la te d  hepatocytes were incubated with G-AFB  ^ a t  a
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concen tra tion  o f 3 ml  ^ medium in  a f in a l  concen tra tion  o f 0,2%
PG, con tain ing  0.1 o r 0.05 ^01 fo r  15, 45, 75 a-nd 120 min
as described  in  chap ter 2 .6 ( a ) ( i ) .  This high concen tra tion  of 
AFB^  was used in  these  metabolism s tu d ie s  because i t  was found in  
p relim inary  experiments th a t  the use o f lower concen tra tions re su lte d  
in  the production o f le v e ls  o f m etabo lites which were approaching the 
l im its  o f d e tec tio n  of the HPLC equipment a v a ila b le . A ppropriate 
co n tro ls  were included in  these experiments and ta b le  4.1 shows 
the con ten ts  o f the co n tro l and tre a te d  f la sk s . Any peaks appearing 
in  the HPLG tra c e s  as monitored by UV absorp tion  which had co­
in c id en t re te n tio n  tim es with any a f la to x in  m etabo lites, bu t which 
were due to o ther components in  the c e l l s  and /o r medium could be 
taken in to  account when subsequently assaying the a f la to x in  meta­
b o l i te s .  Fig. 1.1 shows an HPLC tra c e  o f the water/m ethanol e x tra c t  
of f re sh ly  iso la te d  hepatocytes, from an u n trea ted  r a t ,  to  which 
AFB^  was added but metabolism prevented by in s ta n t  freez in g  (zero 
time c o n tro l) . Some small peaks can be seen which are not due to  
AFB^  metabolism but due to o th e r components in  the incubation  m ixture. 
The v ia b i l i ty  o f u n trea ted  ( i . e .  no a f la to x in )  hepatocytes was 
assessed  by trypan blue exclusion a t  the end of the incubation  period . 
This was found c o n s is te n tly  to be 10-20% lower than the i n i t i a l  
v ia b i l i ty ,  i . e .  in  the range 50-70%.
In prelim inary  experiments i t  was found th a t  the decreased 
cytochrome le v e ls  in  24 h r prim ary cu ltu red  hepatocytes re su lte d
in  decreased r a te s  o f AFB^  metabolism. I t  was thus found to  be 
necessary to  incubate the cu ltu red  c e l l s  w ith AFB^  fo r  longer periods 
(2 and 4 hr) than the f re sh ly  iso la te d  c e l l s  in  order to achieve 
reasonable le v e ls  of metabolism o f the AFB^. However, incubation
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Table 4.1 Contents o f Incubation , Experimental and Control F lasks 
used in  Metabolism Studies with Freshly Iso la te d  
Hepatocytes
Time (min) Medium (20 ml) 16 X 10^  C ells AFB^(ug) P G ( l : l ) y l
0 MEM + 6o -
*0 MEM Boiled 6o -
0 MEM + - 80
15 MEM + 6o _
45 MEM + 6o -
75 MEM + 6o -
120 MEM + 6o -
*120 MEM Boiled 6o -
**120 MEM + - 80
120 MME + - 80
* C ells  b o iled  fo r  5 min and then cooled p r io r  to adding AFB^  
**V iab ility  o f c e l ls  checked a t  term ination  o f incubation , 
t  WME used contain ing  phenol red , thus pH checked and 
co n tro lled  to ensure constan t pH during incubation .
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Fig. 4.1 HPLG Trace of Zero Time Incubation
o f  AFBj^  w ith Freshly  Iso la te d  Hepatocytes
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w ith 3 yig AFB^  ml" medium fo r  4 h r w ith cu ltu red  c e l l s  le d  to
enhanced to x ic i ty .  Thus, in  metabolism s tu d ie s , 24 h r  cu ltu red
hepatocytes were incubated with 0 .5  /ig AFB^  ml” medium in  a
f in a l  concen tra tion  o f 0,2% IQ con tain ing  0.05 o r 0.1 ;iGi 
14G-AFB^.
4 .3  METABOLISM OF AFB^  BY HEPATOGYTES FROM UNTREATED RATS
(a) F reshly  Iso la te d  Hepatocytes
14During the 2 h r incubation  period  with G-AFB  ^ the con ten t of 
AFB^  decreased to  a mean value o f 22.6% + 2.9% of the i n i t i a l  le v e l, 
as shown in  f ig .  4 .2 , w ith a r a te  o f AFB^  u t i l i s a t io n  of approximately
2.2 pg AFB^  10^ c e l l s ”  ^ hr"^ as estim ated in  the f i r s t  30 m inutes. 
U ti l is a t io n  of AFB^  was assayed by the decrease in  peak area  o f UV 
absorp tion  follow ing separa tion  by HPLG. R esu lts  are  expressed as 
percentages o f zero time value (100%). Production o f AFM^  was l in e a r  
up to 45 min ( f ig .  4 .3 ) Eind was estim ated  from peak h e ig h ts  o f UV 
absorp tion  (mm), the re te n tio n  tim es being approxim ately constan t 
and the e x tin c tio n  c o e f f ic ie n ts  o f AFB ,^ AFM^ , AFQ and AFP  ^ a lso  
being approxim ately equal. By 2 h r, the mean peak h e ig h t o f AFM^  was 
46.9 nim + 6.3 mm, corresponding to  a value o f approxim ately 5.^3 
AFM^ , assuming a s im ila r  e x tin c tio n  c o e f f ic ie n t  o f UV absorp tion  fo r  
AFMj^  as AFB^. The r a te  of AFQ,^  production was le s s  than AFK^  and from 
1-2 h r the le v e l of AFQ^  f e l l  s l ig h t ly  to  a f in a l  mean value o f
13.2 mm + 2.7  mm, corresponding to a value o f approxim ately 1.58 ^  
AFQj^  » as determined from the peak h e ig h t measurements o f UV 
absorp tion  ( f ig .  4 .4 ) . Fig. 4 .5  shows a ty p ic a l chromatographic tra c e  
o f re s id u a l AFB^  and i t s  m etabo lites formed by f re sh ly  iso la te d
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Fig, 4 .2  U ti l is a tio n  o f AFB^  by Freshly Iso la te d  
Hepatocytes from U ntreated Rats
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F ig , 4 .3  Production o f AFM^  by Freshly Iso la te d  
Hepatocytes from U ntreated Rats
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Fig. 4 .^  Production o f AFQ,^  by Freshly Iso la te d  
Hepatocytes from U ntreated Rats
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Fig. 4-.5 HPLG Separation o f M etabolites o f AFB^  ^ Produced 
by Freshly Iso la te d  Hepatocytes
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hepatocytes from un trea ted  (co n tro l) r a t s  follow ing 2 h r incubation
with as measured by UV absorp tion  a t  3^5 nm (upper tra c e )
and fluorescence e x c ita tio n  a t  3^5 nm and emission a t  423 nm
(lower tr a c e ) .  The tra c e s  show the presence o f some m ateria l
a t  the so lven t f ro n t which i s  both UV absorbing and f lu o re sce n t.
14Fig. 4 .6 , which shows the p a tte rn  o f d is t r ib u t io n  o f G in
fra c tio n s  o f e lu a te  co lle c te d  and subm itted fo r  s c in t i l l a t io n
counting, c le a r ly  dem onstrates th a t  the p o la r  m a te ria l, i . e .  having
a re te n tio n  time < 6 min, was ra d io la b e lle d  and thus o rig in a ted  
14from the G-AFB^. The production o f th i s  ra d io la b e lle d  p o la r 
m ate ria l increased  with incubation  time and f ig .  4 .7  dem onstrates 
th is  in c rease . By 2 h r, 41.0% + 5.1% o f the  to ta l  r a d io a c tiv ity  
in  the m etabolite  f ra c tio n s  ( i . e .  to ta l  r a d io a c tiv ity  minus re s id u a l 
^^G AFB^) was found in  f ra c tio n s  1-3 which included the region o f the 
so lvent f ro n t and m ate ria l e lu ted  with a re te n tio n  time o f < 6 min.
The m etabolite  peaks p resen t in  the  chromatographic tra c e s  were 
compared w ith known microsomal AFB^  m etabolite  m ixtures. The compounds 
p resen t in  the peaks o f the e lu tio n  p ro f i le  produced by the  c e l l s  
were i n i t i a l l y  id e n tif ie d  by a confirm ation o f the re te n tio n  tim es 
with those o f au th en tic  compounds, and by co-chromatography a f t e r  
ad d itio n  o f a m ixture of known AFB^  m etab o lites. In  a d d itio n , 
m etabo lites were examined by TLG as described  in  chap ter 2 .6 ( a ) ( i i ) ,  
using au th en tic  AFM^ , AFQ ,^ AFP^, AFB^-diol and AFB^  as  markers. The 
TLG behaviour of these compounds was as shown in  ta b le  4 .2 , TLG 
a n a ly s is  o f the c e l l  incubation e x tra c ts  in  a l l  cases supported the 
id e n t i f ic a t io n  by HPLG an a ly s is  of the AFB^  m etabo lites. In  no 
experiments was AFB^-diol de tec ted . O ccasionally, AFP  ^ was d e tec ted  
in  f re sh ly  iso la te d  hepatocyte incubations by both HPLG and TLG
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Fig. 4 .6  D is tr ib u tio n  o f R ad ioac tiv ity  in  HLPG Column 
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Fig. 4 .7  Production o f R adiolabelled  Po lar M aterial by 
Freshly  Iso la te d  Hepatocytes from U ntreated 
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Table 4 ,2  TLG Examination o f M etabolites o f AFB,Ï -
Compound Fluorescence Colour
Rf
Under UV Light Solvent 1 Solvent 2
A flatoxin Blue 0.56
«1 Grey-green 0.40
Blue 0.30
Fawn 0.20
A flatoxin  B^-diol Blue 0.68
S o lv e n t l ; -  chloroform /acetone (9 :1 , w ”^)
Solvent 2 :-  chloroform/methanol (8 ,5 :1.5» w “^)
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a n a ly s is , but i t s  production was very in c o n s is te n t and, i f  p resen t, 
was always in  very small amounts, u sua lly  in  hepatocytes from 
co n tro l o r phenobarbitone p re tre a te d  r a t s .
TLG e lu tio n  o f c e l l  incubation  e x tra c ts  in  chloroform/methanol 
so lven t revealed , in  ad d itio n  to the non-polar AF m etabo lites 
described , a p o la r  f lu o rescen t m ateria l which was immobile on the
o rig in . When th i s  was rechromatographed in  a more p o la r  so lven t,
/  *1 "1 i . e .  1 -b u ta n o l/g la c ia l a c e tic  ac id /w ate r (2:2:1 vv” v" ) , very
f a in t  f lu o re sce n t m ateria l e lu ted  throughout the chromatogram.
Spraying the chromatogram with 0.1% ninhydrin so lu tio n  and heating
a t  > 100°G fo r  severa l m inutes, a t e s t  fo r  f re e  amino groups as
in  the case o f amino ac id s , re su lte d  in  the appearance o f many
d if f e re n t  spo ts o f varying shades o f mauve which were p resen t in
a f la to x in  incubated and con tro l samples. Although the in te n s i ty
of the spo ts increased  with incubation  time i t  was d i f f i c u l t  to
c o rre la te  any spots with metabolism of AFB^.
R ad io ac tiv ity  was determined in  the p e l le t s  formed a f t e r  
14ex trac tio n  o f G-AFB  ^ and i t s  m etabo lites, to measure covalen tly  
14bound G-AFB^. However, the non-covalently  bound ra d io a c tiv ity  was
not com pletely removed by th i s  method, re s u l t in g  in  spuriously  high
14background le v e ls  fo r  macromolecular-bound C-AFB^,
(b) 24 h r Primary Cultured Hepatocytes
Only lim ited  d a ta  regard ing  the metabolism o f AFB^  by 24 h r 
cu ltu red  hepatocytes was obtained since the major p a r t  o f the 
metabolism s tu d ies  concentrated upon 4FB  ^ metabolism by fre sh ly  
iso la te d  hepatocytes and the e f fe c t  of p re treatm en t o f the r a t s  
on th is  metabolism.
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Table 4 .3  shows the u t i l i s a t io n  o f AFB^  by 24 h r primary
cu ltu red  hepatocytes from un trea ted  r a t s .  The concen tra tion  o f
AFB^  decreased to  a mean value o f 63 .2% + 4.3% o f the i n i t i a l
value in  4 h r incubation , with a r a te  o f AFB^  u t i l i s a t io n  o f
approximately 0 .0 4 ^ g  AFB^  10 c e l l s  hr" , Production o f AFQ^
was b arely  d e tec tab le  with s l ig h t ly  more AFMj^  produced (see ta b le
4 .4 ) . The p a tte rn  o f d is t r ib u tio n  o f r a d io a c tiv ity  in  the
f ra c tio n s  was as shown in  f ig .  4 .8 . As with f re sh ly  is o la te d  c e l l s ,
ra d io la b e lle d  m ate ria l was found in  the p o la r  region o f sh o rt
14re te n tio n  tim e. Production o f G la b e lle d  p o la r m ate ria l by 24 h r 
cu ltu red  c e l ls  from co n tro l r a t s  reached 57.0% + 2.0% o f the to ta l  
m etabolite  r a d io a c tiv ity  (minus re s id u a l ^^G-AFB^) e lu ted  from the 
HPLG column a f te r  4 h r  incubation  with ^^G-AFB  ^ ( ta b le  4 .5 ) .  I t  i s  
p ossib le  th a t  fu r th e r  AFB^  may have been m etabolised with prolonged 
incubation  o f these c e l l s ,  but by 4 h r the c e l ls  began to show 
signs o f to x ic ity , and thus incubations were not continued fu r th e r .
4 .4  METABOLISM OF AFB^  BY HEPATOGYTES FROM PHENOBARBITONE PRETREATED 
RATS
(a) Freshly  Iso la te d  Hepatocytes
P retreatm ent o f r a t s  with phenobarbitone re su lte d  in  a g re a te r  
r a te  o f u t i l i s a t io n  o f AFB^  (5.66 ^ g  AFB^  10^ c e l l s '^  hr"^ as 
estim ated in  the f i r s t  30 minutes) by fre sh ly  iso la te d  hepatocytes 
compared to th a t  from un trea ted  r a t s  ( f ig .  4 .9 ) ,  and by 2 h r only 
1.6% o f the i n i t i a l  ^^G-AFB  ^ concen tra tion  remained. Production of 
AFQj, was enhanced by phenobarbitone and reached a maximum mean peak 
h e ig h t of 21.9 mm + 1 .7  nun by 45 min which decreased to a mean of
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Table 4 ,3  U ti l is a t io n  o f AFB^  by 24 h r  Cultured Hepatocytes
P retreatm ent 
o f r a t s
......................... . ...........— -...... - .............................  '
AFB. u t i l i s a t i o n  (% zero time co n tro l + SEM) 
during incubation  time (hr)
0 2 4
No p retreatm en t 
(co n tro l) 100 84.5 + 5.1 63.2 + 4.3
Phenobarbitone 100 29.1 + 0 .3 1 1 .0 + 0
(2) (2)
p < 0,1 p < 0.1
3-Methylcholan- loo 11.5 + 1 .8 4.3  + 1.3
threne (2) (2)
P < 0.05 p < 0.05
AFB^  Feeding 100 62,8 + 4 .6 33.5 + 4 .0
(2) (2)
NS NS
Number o f values in  paren theses,
p determined by s tu d e n t 's  't*  t e s t  w ith t e s t  values (p re treatm en t 
o f r a t s )  compared to  co n tro l values (no p re treatm en t o f r a t s ) , 
NS = no t s ig n if ic a n t .
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Table 4 ,4  Production o f AFM^  ^ by 24 h r  Cultured Hepatocytes
P retreatm ent 
o f r a t
Amount AFM^  produced (yg + SEM) during 
incubation  time with AFB^  (hr)
2 4
No p retreatm en t 0.28 + 0.1 0.24 + 0.12
(co n tro l)
Phenobarbitone 0 0
3-Methylcholan-
threne 1 .8  + 0 .2 4 1 .5  + 0 .1 8
AFB^  Feeding 0.18 + 0.18 0.66 + 0.18
lOô
Fig. 4 .8  D is tr ib u tio n  o f R ad io ac tiv ity  in  HPLG Column 
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Table 4 ,5  Production o f R adio labelled  P olar M aterial by 24 h r  
Cultured Heuatocytes
P retreatm ent 
o f r a t
Production o f p o la r  m ate ria l ( ^ *  
during incubation  time with AFB^  (hr)
2 4
No p retreatm en t 37.0 t  0 57.0 ±  2,0
(Control) (2) (2)
Phenobarbitone 70.5 + 1.5 76.5 + 0,5
(2) (2)
P < 0,05 P < 0,1
3-M ethylcholanthrene 52.0 + 3.0 63.5 + 0 .5
(2) (2)
NS NS
AFB^  Feeding 24,0 + 5.0 37.0 + 3.0
(2) (2)
NS NS
• " P — a , .  P 1»»
Number of values in parentheses.
p determined by student's *t* test with test values 
(pretreatment of rats) compared to control values 
(no pretreatment of rats),
NS = not significant.
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Fig. 4.9 Utilisation of AFB^  ^ by Freshly Isolated
Hepatocytes from Phenobarbitone Pretreated 
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12.4 mm + 1 .8  mm a t  the end o f the 2 h r incubation  ( f ig . 4.10) 
which corresponds to  approxim ately 2.63 yig AFQ^  ^ and 1.49 u^g 
re sp e c tiv e ly . S im ila rly , the production o f th e  AFM^  a lso  reached 
a maximum a t  45 min and then decreased; however, the amount of 
AFMj^  produced was lower w ith phenobarbitone p retreatm ent compared 
to th a t  by hepatocytes from u n trea ted  r a t s  ( f ig .  4 .1 1 ). The e lu tio n  
p ro f i le  o f r a d io a c tiv ity  in  the c o lle c ted  f ra c tio n s  was a lso  a l te re d  
by phenobarbitone pretreatm en t as can be seen in  f ig .  4 .12 . This 
f ig u re  dem onstrates the  accumulation o f rad io la b e lle d  p o la r  
m a te ria ls  during the incubation  period , and a lso  shows th a t  the 
p a tte rn  o f d is t r ib u tio n  o f the p o la r  m etabo lites was a lte re d  by 
phenobarbitone pre treatm en t, i . e .  p re treatm en t with phenobarbitone 
increased  the  production of p o la r m etabo lites w ith a s l ig h t ly  longer 
re te n tio n  time (fra c tio n s  2 and 3 ). Following incubation of f re sh ly  
iso la te d  hepatocytes from phenobarbitone p re tre a te d  r a t s  w ith 
^^C-AFB^ fo r  2 h r, 58 .8^  + 1 .? ^  o f the t o t a l  r a d io a c tiv ity  in  the 
m etabo lite-con ta in ing  f ra c tio n s  appeared in  the p o la r m a te ria l, which 
i s  s ig n if ic a n tly  h ig h er than in  c e l l s  from co n tro l r a t s  ( f ig .  4 .1 3 ). 
Fig. 4.14 shows the HPLG tra c e s  (UV absorp tion  above and fluorescence 
below) o f the  m etabo lites formed in  2 h r by f re sh ly  iso la te d  
hepatocytes. The peaks in  the p o la r  region (sh o rt re te n tio n  time) 
o f the UV absorp tion  chromatogram are  p a r t ic u la r ly  prominent and are  
a lso  h igh ly  f lu o rescen t compared to  th e i r  UV absorp tion .
(b) 24 hr Primary Cultured Hepatocytes
As in  the case o f fre sh ly  is o la te d  hepatocytes from phenobarbitone 
p re tre a te d  r a t s ,  hepatocytes a f t e r  24 h r in  c u ltu re  ex h ib ited
110
Fig, ^,10 Production o f AFl^  ^ by Freshly Iso la ted
Hepatocytes from Phenobarbitone P re trea ted  
Rats
25
20 -
I 15-
•H
10-
1209060
Incubation Time (min.)
30
I l l
Fig, 4.11 Production o f AFM^  ^ by Rceshly Iso la te d  Hepatocytes 
from Phenobarbitone P re trea ted  Rats
20 -
15-
1209060
Incubation Time (min.)
30
112
Fig. 4,12 D is tr ib u tio n  o f R ad io ac tiv ity  in  HPLG Column 
E luate F ractions
fo- 50n zero time
•H
•H
•H 30-
10-
10 12-P
0) 50"! -^5
so ­
lo  12
o
•H
120 min75 min
5 30-
•H
.5
-P
d0 •H
1
F raction  number (1|- min f ra c tio n s )
14G-AFB^  incubated with fre sh ly  iso la te d  hepatocytes from un trea ted  
r a t s  fo r  various tim es.
E rro r bars denote S .E .M .'s
113
Fig. 4.13  Production o f R adiolabelled  Po lar M aterial by
Freshly Iso la te d  Hepatocytes from Phenobarbitone 
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Fig. 4 .14 HPLG Separation o f M etabolites o f AFB^  Produced 
by Freshly Iso la te d  Hepatocytes
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c a p a c itie s  to  m etabolise AFB^  to  a g re a te r  ex ten t than those of
24 h r c u ltu re s  from corresponding co n tro l r a t s .  At the  end of the
144 h r incubation  period  w ith AFB^, only 11.0% of the i n i t i a l  G-AFB  ^
remained ( ta b le  4 .3 ) , w ith the r a te  of AFB^  u t i l i s a t io n  a t  
approximately 0.29 ^  AFB^  10^ c e l l s '^  h r" ^ . AFM^  and AFQ^  were 
v i r tu a l ly  undetectable by spectrophotom etric an a ly s is , although 
a small amount of ra d io la b e lle d  m ateria l was detected  a t  the 
re te n tio n  tim es ty p ic a l of AFMj^  and AFQ^  ( f ig .  4 .15 ). This f ig u re  
again dem onstrates the  presence o f a considerab le  amount of rad io - 
la b e l in  the ea rly  p o la r f ra c tio n s , much g re a te r  than in  the case 
of 24 h r cu ltu red  hepatocytes from co n tro l r a t s .  From ta b le  4 .5  
i t  can be seen th a t  by 4 h r, ?6 .5^ + 0 .5^  o f the to ta l  m etabolite  
ra d io a c tiv ity  was found in  the p o la r  m a te ria l.
4 . 3  METABOLISM OF AFB^ BY HEPATOGYTES FROM 3-METHYLGHOLANTHRENE 
PRETREATED RATS
( a )  F r e s h l y  I s o l a t e d  H e p a t o c y t e s
The ra te  o f u t i l i s a t io n  of AFB^  by fre sh ly  iso la te d  hepatocytes 
from 3-m ethylcholanthrene p re tre a te d  r a t s  was extremely rap id , and was 
approximately 7.05 jxg AFB^  10^ c e l l s '^  hr"^ as estim ated in  the f i r s t  
3 0  minutes. Already by 15 min only 6.7% + 1.6% o f the i n i t i a l  
^^G-AFB  ^ remained ( f ig .  4 .16 ). HPLG tra c e s  a t  15 min ( f ig .  4.17) 
show c le a r ly  the dim inished AFB^  peak, and a very la rg e  AFM^  peak can 
also  be seen, which a tta in e d  a mean h e igh t of 110 + 2 mm ( f ig .  4 .18) 
corresponding to  approximately 13.2 ug AFM .^ However, with prolonged 
incubation , the AFM^  peak subsequently decreased c o n s id e rab ly -u n til, 
by 2 h r only 14.5 mm + 3.5 mm remained, which corresponds to
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Fig, 4,15 D is tr ib u tio n  o f R ad io ac tiv ity  in  HPLG Column 
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Fig. 4.16 U ti l is a t io n  of AFB^  ^ by Freshly  Iso la te d  
Hepatocytes from 3-M ethylcholanthrene 
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Fig. 4.18 Production o f AFM^  by Freshly  Iso la te d  
Hepatocytes from 3-M ethylcholanthrene 
P re trea ted  Rats
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1.74 |ig AFM^  ( f ig s .  4.18 and 4 .1 9 ). Production o f AFQ^  was s im ila r  
to  th a t  in  c e l l s  from co n tro l r a t s ,  as shown in  f ig .  4 .20. Once 
again, the e lu tio n  p ro f i le  of ra d io a c tiv ity  in  the f ra c tio n s  
( f ig . 4.21) dem onstrate a su b s ta n tia l amount o f ra d io a c tiv ity  
p resen t in  the ea rly  f ra c tio n s  which increased  with time co rres­
ponding to  a decrease i n i t i a l l y  in  the AFB^  and subsequently in  
the AFRj^  contain ing  f ra c tio n s  a f t e r  the f i r s t  15 min. Both f ig s .  4.19 
and 4.21 show th a t  th i s  ra d io la b e lle d  p o la r  m ateria l appeared in  
f ra c tio n s  1-4, and had a high flu o re scen t to UV absorp tion  r a t io .  By 
2 h r, 75.5% + 0.5% o f the to ta l  m etabolite  ra d io a c tiv ity  was p resen t 
in  the p o lar m ateria l ( f ig . 4 .2 2 ), s u b s ta n tia lly  h igher than th a t  
in  hepatocytes from co n tro l r a t s .
(b) 24 h r Primary Cultured Hepatocytes
As shown in  ta b le  4.3» only a small amount of AFB^  remained a t  
the end of the incubation  period  with primary cu ltu red  hepatocytes 
from 3-m ethylcholanthrene p re tre a te d  r a t s .  Only 4.3% + 1.3% o f the 
i n i t i a l  AFB^  remained a f t e r  4 h r incubation , and AFB^  was u t i l i s e d  a t  
a r a te  of approximately 0.43 ^g AFB^  10^ c e l l s '^  h r”^, th i s  r a te  being 
g re a te r  than th a t  in  24 h r cu ltu red  c e l ls  from co n tro l r a t s .  As in  
the case o f fre sh ly  iso la te d  c e l l s ,  production o f AFM^  was r e la t iv e ly  
high compared to th a t  in  primary cu ltu red  c e l l s  from co n tro l r a t s  
and i t s  production decreased s l ig h tly  toward the end o f the incubation  
period (ta b le  4 .4 ) .  Any AFQ^  produced was n eg lig ib le  and could not 
be d e tec ted  spectropho tom etrica lly . Production of rad io la b e lle d  p o la r  
m ateria l was considerable and by 4 h r  63.5% + 0.5% of the to ta l  
m etabolite  ra d io a c tiv ity  was found in  the p o la r  m ateria l ( ta b le  4 .5  
and f ig .  4 .23 ).
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Fig. 4.19 HPLG Separation o f M etabolites of AFB^  Produced 
By Freshly Iso la ted  Hepatocytes
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Fig. 4.20 Production of AFQ^  by Freshly Iso la te d  
Hepatocytes from 3-M ethylcholanthrene 
P re trea ted  Rats
15'
•H
90 12060
Incubation Time (min.)
30
123
Fig. 4.21 D is tr ib u tio n  o f R ad io ac tiv ity  in  HPLG Column 
E luate F ractions
% 60 l 2iero time-p•H
•H-p
•H
40-
20 -
30-
•H
120 min
•H
5 30-
•H
10-
Fraction number (1 min fractions) 
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3-methylcholanthrene pretreated rats for various times. 
Error bars denote S.E.M.'s.
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Fig. 4 .2 2  Production o f R adio labelled  Polar M aterial 
by Freshly Iso la te d  Hepatocytes from 
3-M ethylcholanthrene P re trea ted  Rats
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Fig. 4.23 D is tr ib u tio n  of R ad ioac tiv ity  in  HPLG Column 
E luate F ractions
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4 .6  METABOLISM OF AFB^  BY HEPATOGYTES FROM AFB^  FED RATS
(a) Freshly Isolated Hepatocytes
The ra te  o f u t i l i s a t io n  o f AFB^  by f re sh ly  iso la te d  hepatocytes 
from AFB^  fed r a t s  was yery s im ila r  to th a t  in  c e l ls  from co n tro l 
r a t s  ( f ig .  4 .2 4 ), and was approxim ately 2.66 ^g AFB^  10^ c e l l s   ^
h r”  ^ as  estim ated  in  the  f i r s t  30 min. yi,5%  + 9-3% of the 
i n i t i a l  AFBj^  remained a t  the end o f the 2 h r  incubation . Some o th e r 
aspec ts  o f metabolism, i . e .  AFM^  and AFQ^  production, were a lso  yery 
s im ila r  to  th a t  in  c e l l s  from u n trea ted  r a t s ,  with more AFMj^  formed 
than AFQ .^ By 2 h r the mean peak h e ig h ts  o f AFM^  and AFQ^  were
48.3 mm + 1 .2  mm sind 9.9 mm + 1.0 mm, which correspond to approxim ately 
5.8 jig AFM^  and 1.19 AFQ^  re sp e c tiy e ly  ( f ig s .  4.25 and 4 .2 6 ). The 
production o f ra d io la b e lle d  p o la r  m ateria l was h igher in  these c e l l s  
compared to  c e l l s  from co n tro l r a t s ,  but mainly during the ea rly  
p a r t  of the incubation  period ( f ig .  4 .2 ? ). The chromatographic tra c e s  
( f ig . 4.28) and the p a tte rn  o f d is tr ib u tio n  o f ra d io a c tiy ity  in  the 
f ra c tio n s  ( f ig . 4.29) show also  a q u a li ta t iy e  d iffe ren ce  in  p o la r  
m ate ria l production by hepatocyte from AFB^  fed r a t s  compared to 
un trea ted  r a t s .  More of the ra d io a c t iy ity  i s  p resen t in  f ra c tio n s  
with s l ig h t ly  longer re te n tio n  tim es ( le s s  p o la r) in  c e l l s  from AFB^  
fed r a t s .  The HPLG tra c e s  a lso  confirm th i s  and show c le a r ly  the 
presence of p o la r m ateria l with a high fluorescence to  UV absorp tion  
r a t io  as  a r e s u l t  o f AFB^  feeding.
(b) 24 h r  Primary Gultured Hepatocytes
In the case o f 24 h r primary cu ltu red  hepatocytes from AFB^  fed  
r a t s ,  the r a te  of AFB^  u t i l i s a t io n  was somewhat h igher than in  th a t
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Fig. 4 ,24  U ti l is a t io n  o f AFB^  by Freshly Iso la te d  
Hepatocytes from AFB^  ^ Fed Rats
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Fig. 4.25  Production o f AFM^  by Freshly Iso la te d  Hepatocytes'
from AFBj^ Fed Rats
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Fig. 4.26  Production o f AFQ^  ^ by Freshly Iso la te d  
Hepatocytes from AFB^  ^ Fed Rats
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Fig, 4.27 Production o f R adio labelled  Po lar M aterial 
by Freshly Iso la te d  Hepatocytes from 
AFB^ _ Fed Rats
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Fig. 4.28 HPLG Separation o f M etabolites o f AFB^  ^ Produced 
by Freshly Iso la te d  Hepatocytes
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Fig. 4.29 D is tr ib u tio n  o f R ad ioac tiv ity  in  HPLG Column 
E luate F rac tions
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C-AFB  ^ incubated with fre sh ly  iso la te d  hepatocytes from AFB.
fed r a t s  fo r  various tim es. 
E rror bars denote S .E .M .'s.
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o f c e l l s  from co n tro l r a t s ,  w ith a r a te  o f 0.13  AFB^  10^ c e l l s ’”  ^
h r”^, and by 4 h r  33»5^ + ^.0% o f the i n i t i a l  AFB^  remained 
( ta b le  4 .3 ) .  APQ^  production could not be de tec ted  and AFMj^  pro­
duction was a lso  f a i r l y  low, although po ssib ly  s l ig h tly  h igher by
4 h r than in  hepatocytes from co n tro l r a t s  ( ta b le  4 .4 ) .  Following
144 h r incubation  with G-AFB^, 37*0% + 3.0,% o f the to ta l  m etabolite  
ra d io a c tiv ity  appeared in  the p o la r  m a te ria l, which was lower than 
th a t  in  primary cu ltu red  c e l l s  from co n tro l r a t s  ( ta b le  4 .5 ); 
although the o v e ra ll e lu tio n  p ro f i le  o f r a d io a c tiv ity  ( f ig .  4.30) 
showed th a t  more of the to ta l  r a d io a c tiv ity  (excluding re s id u a l 
G-AFB^) was p resen t in  the p o la r  m ateria l which was due to  the 
h igher r a te  o f AFB^  metabolism by these c e l l s .  Once again , a 
q u a li ta t iv e  d iffe re n c e  in  the  p o la r  m ateria l was observed.
4 .7 SUMMARY
The r e s u l ts  o f th i s  chap ter dealing  w ith the metabolism o f AFB^  
by r a t  hepatocytes can be summarised as fo llow s:
Freshly  iso la te d  hepatocytes m etabolised AFB^  under the 
conditions described  in  th is  study. In  vivo p retreatm ent with 
phenobarbitone and 3-m ethylcholanthrene s ig n if ic a n tly  increased  
the r a te  of AFB^  metabolism, whereas AFB^  feeding re su lte d  in  the 
same r a te  of metabolism as in  c e l l s  from u n trea ted  r a t s  ( ta b le  4 .6 ) .  
Table 4,10 shows the r a te  o f AFB^  u t i l i s a t io n ,  by fre sh ly  iso la te d  
c e l ls  from un trea ted  and p re tre a te d  r a t s ,  expressed in  terms o f the  
c e l lu la r  cytochrome con ten t. Expressed in  th i s  way, the  r a te s
are a l l  f a i r ly  s im ila r  in  c e l l s  iso la te d  from un trea ted  and p re tre a te d  
r a t s .  Freshly  iso la te d  c e l ls  from co n tro l r a t s  produced fre e  AFMj^ ,
1 3 4
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Table 4.6  Utilisation of AFB^ by Freshly Isolated Hepatocytes
Pretreatm ent 
o f r a t s
AFBj^  u t i l i s a t io n  (% zero time con tro l + SEM) 
during incubation  time (min)
0 15 45 75 120
No p retreatm en t 
(co n tro l) loo 80.0 + 5.1 62,8 + 5.0 37.7 1  3.2 22,6 + 2,9
(10) (9) (9) (9)
Phenobarbitone 100 47,0 + 3.0 14.5 + 1.7 8 .8  + 1 ,7 1.6  + 0 ,6
(4) (4) (4) (4)
p 4. 0,02 p < 0,01 p < 0,01 p < 0,01
3-Methylcholan-
threne loo 6 ,7  + 1.6 5 .7  + 0.8 3.8 + 0,1 3.1 + 0,1
(2) (2) (2) (2)
P < 0.05 P < 0 ,1 P < 0,1 P <  0,1
AFBj^  Feeding 100 72.8 + 3,6 58,0 + 5.0 43.5 + 6 .4 32.5 ±  9 .3
(6) (5) (4) (4)
NS NS NS NS
Number of values in parentheses,
p determined by student's 't* test with test values 
(pretreatment of rats) compared to control 
values (no pretreatment of rats),
NS = not significant.
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and production was enhanced by 3-m ethylcholanthrene p re treatm en t, 
unaffected  by AFB^  feeding and decreased by phenobarbitone feeding 
( ta b le  4 .7 ) .  Free AEQ^  was produced in  small amounts by c e l l s  from 
u n trea ted  r a t s ,  3-m ethylcholanthrene p re tre a te d  and AFB^  fed  r a t s ,  
whereas p retreatm ent with phenobarbitone increased  production of 
AFQ^  ( ta b le  4 .8 ) .  R adiolabelled  p o la r  m ateria l was formed by 
hepatocytes from co n tro l r a t s ,  and th is  form ation was increased  
by a l l  3 in  vivo p re treatm en ts ( ta b le  4 .9 ) , which a lso  q u a li ta t iv e ly  
a lte re d  the e lu tio n  p ro f i le  o f ra d io a c tiv ity  d is tr ib u tio n  of the 
p o lar m a te ria l.
Twenty-four h r primary cu ltu re d  hepatocytes m etabolised AFB^
to  a le s s e r  ex ten t than the corresponding f re sh ly  iso la te d  hepatocy tes.
A ll in  vivo pre treatm en ts enhanced the r a te  of AFB^  metabolism by
24 h r cu ltu red  hepatocytes, p a r t ic u la r ly  3-m ethylcholanthrene
p retreatm ent ( ta b le  4 .3 ) .  When the AFB^  u t i l i s a t io n  by 24 h r cu ltu red
hepatocytes was expressed in  terms of the cytochrome conten t
(see ta b le  4.10) the ^  vivo p re treatm en ts s t i l l  re su lte d  in  enhanced
ra te  of AFB^  u t i l i s a t io n  by the  c u ltu re s  compared to  th a t  in  cu ltu red
c e l ls  from co n tro l r a t s .  In a l l  cases the r a te  of u t i l i s a t io n  of
-1 -1AFBj^  expressed as pg AFB^  nmole P^^^ h r was h igher in  f re sh ly  
iso la te d  hepatocytes compared to  th a t  in  24 h r cu ltu red  c e l l s .  Free 
AFM^  production was lim ited  in  c u ltu re s  from un trea ted  and AFB^  
fed r a t s ,  was increased  by 3-m ethylcholanthrene p re treatm en t, and was un­
detec tab le  in  cu ltu red  c e l l s  from phenobarbitone p re tre a te d  r a t s  
( ta b le  4 .4 ) . Production of AEQ^  was a lso  very lim ite d  in  24 h r 
hepatocyte c u ltu re s  from un treated  r a t s ,  and was undetectable in  c e l l s  
from a l l  p re tre a te d  r a t s .  Twenty-four h r primary cu ltu red  hepatocytes 
from co n tro l r a t s  formed rad io la b e lle d  p o la r m ateria l which was
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Table 4 .7  Production o f AFM^ by Freshly Isolated Hepatocytes
Pretreatm ent 
o f  r a t
Amount AFM^  produced (pg + SEM) during incubation  
time w ith AFB^  (min)
15 45 75 120
No p retreatm en t 1.56 + 0.16 3.9  + 0.46 4,76  + 0,58 5.63  + 0,76
(co n tro l) (10) (9) (10) (9)
Pheno barb i to ne 1.48 + 0 .3 2.33  + 0.26 2 ,2  + 0,16 1,79 1  0,24
(4) (4) (4) (4)
NS NS NS p 4  0.05
3-Methyl- 13.2 + 0 .2 4 6,06 + 0,66 2,94  + 0,66 1,74  + 0,42
cholanthrene (2) (2) (2) (2)
p 4  0.02 NS NS NS
AFB^  Feeding 1.09 + 0.06 3.58 + 0,19 4,44 + 0,35 5.80 + 0,14
(4) (4) (4) (4)
NS NS NS NS
Number o f values in  paren theses,
p determined by s tu d e n t 's  't*  t e s t  with t e s t  values 
(p retreatm ent o f r a t s )  compared to  co n tro l values 
(no p re treatm en t o f r a t s ) ,
NS = no t s ig n if ic a n t .
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Table 4.8 Production of by Freshly Isolated Hépatocytes
Amount AFQ,^  produced (^g + SEM) during 
Dn time with AFB^ (min)Pretreatment 
■ of rat 15
^ b.
incubatio
Ï5  75~ 120
No pretreat­
ment 
(control)
Phenobarbitone
3-Methy1- 
cholanthrene
AFB^ Feeding
0.94 + 0,14 
(10) 
2.14 + 0.17 
(4)
p < 0.02
1.84 + 0.1 
(2)
NS
0.95  + 0.22  
(4)
NS
1.49 1  0.29 
(9)
2.63  + 0 . 2  
(4)
P < 0 .05
1.44 + 0.12 
(2)
NS
1 . 2 5  1  0. 2  
(4)
NS
1.79 + 0.31  
(10)
2.28  + 0.08  
(4)
NS
1 . 7 4  + 0 .06  
(2)
NS
0.85 ±  0.35 
(4)
NS
1 .58  + 0 .32  
(9)
1.49  + 0 .2 2
(4)
NS
2.02 + 0.04 
(2)
NS
1.19 + 0.12 
(4)
NS
Number of values in parentheses.
p determined by student's 't* test with test values 
(pretreatment of rats) compared to control values 
(no pretreatment of rats).
NS = not significant.
139
Table 4,9 Production of Radiolabelled Polar material by 
Freshly Isolated Hepatocytes
Pretreatment Production of polar material (%*
of rat
during incubation time with AFB^ (min)
15 43 75 120
No pretreat­
ment
(control)
12.7 1  3.1 
(10)
30.5 + 2.2
(9)
33.0 + 2.8 
(10)
41.0 + 5.1 
(9)
Phenobarbitone 33.8 + 1.1 45.3 + 1.3 51.5 + 1.7 58.8 + 1.7
(4) (4) (4) (4)
p <0.01 p < o.ol p <  0.02 p < 0.05
3-Methyl-
cholanthrene 36.0 + 2.0 54.5 + 0.5 69.5 + 0.5 75.5 + 1.5
(2) (2) (2) (2)
P <  0.1 P <  0.1 p <  0.05 p < 0.1
AFB^ Feeding 25.5 ± 0.5 42.3 + 4.0 46.5 + 3.5 49.0 + 3.6
w (4) (4) (4)
p <c 0.05 NS NS NS
* values represent apm S"totef fraSSnt-AFB'j^' ^
Number of values in parentheses,
p determined by student's 't' test wi#i test values 
(pretreatment of rats) compared to control values 
(no pretreatment of rats),
NS = not significant.
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Table 4.10 Rate o f AFB^  U ti l is a t io n  in  Freshly Iso la te d  and 
24 h r Cultured Hepatocytes from U ntreated and 
P re trea ted  Rats
P retreatm ent o f Rat yg AFBj^  10^ c e l l s   ^
hr"^
yg AFB^  nmole 
hr-1
Freshly iso la te d  
hepatocytes 2.2 5 .o6
U ntreated
24 h r cu ltu red  
hepatocytes 0.04 0.44
Freshly iso la te d  
hepatocytes 5.66 4.17
Phenobarbitone
24 h r cu ltu red  
hepatocytes 0.29 1.05
Freshly iso la te d  
hepatocytes 7.05 6.59
3-M ethylcholanthrene
24 h r cu ltu red  
hepatocytes 0.43 1.78
Freshly iso la te d  
hepatocytes 2.66 5.48
AFB^  Feeding
24 h r cu ltu red  
hepatocytes
.
0.13 0.81
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enhanced by phenobarbitone and 3-m ethylcholanthrene p re treatm en ts , 
and again the p a tte rn  of d is tr ib u tio n  of ra d io a c tiv ity  o f the 
p o la r m ateria l was a l te re d  q u a li ta t iv e ly  by a l l  vivo 
p re trea tm en ts . This p a tte rn  of d is tr ib u tio n  of the rad io ac tiv e  
p o lar m ateria l in  each of the 24 h r  c u ltu re s  was very s im ila r  to  
th a t  in  the corresponding f re sh ly  iso la te d  hepatocytes.
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CHAPTER 5
INVESTIGATION INTO THE PRELIMINARY CHARACTERISATION
OF MATERIALS PRODUCED DURING THE METABOLISM OF 
14C-AFLATOXIN B^  BY FRESHLY ISOLATED HEPATOCYTES 
________ FROM UNTREATED AND PRETREATED RATS
143
5.1 INTRODUCTION
As d iscussed  b r ie f ly  in  chap ter 3» the products o f phase I
(primary) metabolism o f xenob io tics are  o ften  su b s tra te s  fo r
phase I I  (conjugation o r secondary) metabolism. Conjugation
reac tio n s  are  u sually  considered to  be detox ify ing  re ac tio n s  although
exceptions do occur (e .g . the N -sulphate conjugate o f a ce ty l amino-
fluorene (AAF) i s  rep o rted  to be the u ltim ate  re a c tiv e  species o f
th is  hepatocarcinogen (De Baun ^  , 19?0)). Conjugation a lso
confers g re a te r  p o la r ity  to  the compound which then normally becomes
more water so lub le , thus excre tion  o f the xenobiotic  i s  f a c i l i t a t e d .
In the s tu d ie s  described  in  chap ter 4, f re sh ly  iso la te d  hepatocytes 
14were found to convert C-AFB  ^ to  more p o la r  ra d io la b e lle d  m a te r ia l.
This chap ter d esc rib es  experiments performed to attem pt prelim inary  
c h a ra c te r is a tio n  o f the p o la r  m a te ria l, which may c o n s is t of 
conjugates o f AFB^  m etabo lites.
5 .2  INVESTIGATION INTO THE POSSIBLE FORMATION OF GLUCURONATE 
AND SULPHATE CONJUGATES OF AFB^  METABOLITES
The method employed to  examine the po ssib le  form ation o f
glucuronate and sulphate conjugates o f AFB^  was as fo llow s.
14Following incubation o f C -labelled  AFB^  with iso la te d  hepatocytes, 
the water/m ethanol e x tra c ts  (2 ml a liq u o ts )  o f c e l l s  and medium 
were p a r tit io n e d  ag a in s t chloroform (3 x 3 ml). C en trifu g a tio n  a t  
1000 g max fo r  5 min a t  - 15°G was used to a id  sep ara tio n  of the 
two phases. However, a la rg e  in te r f a c ia l  la y e r  p e rs is te d  between the 
aqueous methanol and chloroform la y e rs . The chloroform la y e r  was
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removed and d ried  under a stream o f then re c o n s titu te d  with 
2 ml water/m ethanol (1:1) and subsequently analysed by HPLG. The 
aqueous methanol phase was p a r t ly  d rie d  under a stream o f to  
reduce the methanol c o n s titu e n t, then frozen in  l iq u id  and 
free z e -d rie d . The in te r f a c ia l  la y e r  was found by HPLG to  con ta in  a 
considerable p roportion  o f the r a d io a c tiv ity  p resen t in  the p o la r  
m ate ria l and so was included with the aqueous methanol so luble 
f ra c tio n . The f re ez e -d rie d  m ateria l was re c o n s titu te d  with 2 ml 
w ater, and 100 y l  a liq u o t removed to which was added 100 y l methanol, 
which was subsequently analysed by HPLG. HPLG o f the two lay e rs  
( i . e .  chloroform and aqueous) confirmed th a t  a l l  the fre e  non-polar 
AFB^  m etabo lites, includ ing  any AFB^  i t s e l f ,  had p a r tit io n e d  in to  
the chloroform la y e r  and none was p resen t in  the aqueous la y e r .
(a) Helix Pomatia p-Glucuronidase
The pH o f the aqueous so luble f ra c tio n s , re c o n s titu te d  as above, 
was ad justed  to  5*0 using g la c ia l  a c e tic  ac id . One ml a liq u o ts  were 
then incubated overnight w ith e i th e r  H elix pomatia ^-glucuronidase 
(0.2 ml contain ing  55 Fishman «units in  0 .2  M sodium ac e ta te  b u ffe r , 
pH 5 .0) a t  37°G in  a shaking w ater bath , o r w ith 0 .2  ml 0 .2  M sodium 
a c e ta te  b u ffe r  only, according to  the method described  in  Jones ^  a d . , 
(1978) . This enzyme also  con ta ins su lphatase a c t iv i ty  (15,000-40,000 
u n its  g"^) . I f  glucuronate o r su lphate conjugates were p resen t and 
were hydrolysed by the ac tio n  o f th is  enzyme, the fre e  non-polar 
ra d io la b e lle d  AFB^  m etabolites re leased  would re a d ily  be d e tec ted  since 
any non-polar AFB^  m etabolites o r ig in a lly  p resen t had been removed 
by p a r t i t io n in g  ag a in s t chloroform . At the end o f the incubation , an 
equal volume o f methanol was added to  each sample which was then
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cen trifuged  a t  lOOO g max fo r  1 h r a t  -15°C. I f  necessary, samples 
were fu r th e r  c la r i f i e d  by f i l t r a t i o n  (see chap ter 2 .6 (a ) ) ,  and 
a liq u o ts  removed fo r  a n a ly s is  by HPLG.
Analysis by HPLG and subsequent scintillation counting of the 
radioactivity in the column eluate fractions did not reveal the 
presence of any non-polar metabolite of AFB^ which may have been 
released from possible glucuronate or sulphate conjugates following 
incubation with p-glucuronidase. This was equally the case with 
aqueous extracts from freshly isolated hepatocytes from untreated 
rats and rats receiving the 3 different pretreatments.
Ghloroform and aqueous extracts were prepared from bile collected
by bile duct cannulation from phenobarbitone pretreated rats which
3 —1had received an i.v. injection of H-AFB^ (5 mg kg” body weight;
specific activity, 25 mGi mmol” ) shortly after the start of bile
collection. Aliquots of the aqueous extracts of the bile were
incubated with Helix pomatia p-glucuronidase as described previously.
HPLG analysis and radioactive counting demonstrated the release of
a small amount of free ^-AFP^ metabolite after hydrolysis by
p-glucuronidase. This confirmed that the hydrolytic enzyme was active
at least against the AFP^ conjugate. The possibility existed,
however, that the enzyme was inhibited in the presence of the aqueous
extract from the cells. Thus, an aliquot of the aqueous extract from
the bile (containing ^H-labelled polar material) was added to the
*1 Zi#
aqueous extract from the hepatocytes (containing G-labelled polar 
material), and this mixture was incubated with ^-glucuronidase. Again, 
free ^H-AFP^ was released by enzyme hydrolysis but no free 
^^G-labelled non-polar metabolites were released, showing that the 
enzyme was not inactivated in the presence of the aqueous material
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from the hepatocytes. However, no f re e  m etabolites were re leased  
from th is  m a te ria l.
Because of the lower le v e ls  o f  AFB^  used, p-glucuronidase 
incubations were not performed on aqueous e x tra c ts  from metabolism 
experiments using 24 h r cu ltu red  hepatocytes.
(b) E scherich ia  Goli g-Glucuronidase
In o rder to in v e s tig a te  the p o ssib le  form ation o f glucuronides 
o f AFB^  m etabo lites which were d i f f i c u l t  to  hydrolyse using H elix 
pomatia p-glucuronidase, aqueous e x tra c ts  were a lso  incubated with 
E. c o l i  P-glucuronidase. B ac te ria l p-glucuronidases w ill  apparen tly  
hydrolyse many glucuronides which are  r e s i s ta n t  to  hyd ro lysis  by 
o th e r p-glucuronidases (Bridges, personal communication). Aqueous 
e x tra c ts  were prepared from experiments using hepatocytes from 
phenobarbitone and 3 -MG p re tre a te d  r a t s  as prev iously  described .
The pH of th i s  m ate ria l was very high, approximately 10.0, due to 
the co n s titu e n ts  p resen t in  the c e l l s  and medium which were o r ig in a l ly  
bu ffered  with sodium bicarbonate and GOg, t u t  in  the absence o f GOg 
the pH had increased . Thus, the pH was ad justed  to  6.8 using 
concentrated  hydrochloric ac id . A liquots ( l ml) were incubated 
overnight with e i th e r  E. c o li  p-glucuronidase (0 .2  ml contain ing  55 
Fishman u n its  in  0 .5  M phosphate b u ffe r , pH 6.8) a t  37° G in  a 
shaking w ater bath , or with 0 .2  ml phosphate b u ffe r  only. Aqueous 
e x tra c ts  of b i le  co lle c te d  from phenobarbitone and 3-MG p re tre a te d  
r a t s ,  con tain ing  ^H -labelled  p o la r m a te ria l derived  from metabolism 
o f ^H-AFB^, were a lso  incubated with e i th e r  E .c o li  p-glucuronidase 
o r phosphate b u ffe r  only. At the end o f the incubation  an equal volume 
of methanol was added to  each sample and the samples were cen trifu g ed
14 7
as previously described, HPLG analysis and determination of
radioactivity in the fractions of eluate collected from the column
revealed only the release of free %-AFPj^ in the aqueous extracts
of bile collected from phenobarbitone pretreated rats. No other free
^-labelled AFB^ metabolites were released in the bile samples and 
14no free G-labelled metabolites were found in the aqueous extracts 
of the hepatocytes.
(c) Liver Slice Study
In o rder to a s c e rta in  the p o ssib le  in fluence of c e l l  co n tac t on
the production and subsequent ex cre tio n  (which may p a r t ic u la r ly
req u ire  the presence o f in ta c t  hepatocytes in  co n tac t with each o ther)
of glucuronides and su lphates , an AFB^  metabolism experiment was
performed using l iv e r  s l ic e s  in  o rder to  compare the r e s u l ts  w ith
those obtained w ith f re sh ly  iso la te d  hepatocytes. L iver s l ic e s
from phenobarbitone p re tre a te d  r a t s  were prepared as described  in
chap ter 2 .4 ( f ) . The approximate equ ivalen t of 16 x 10^ c e l ls
(150 mg t is s u e )  was incubated in  100 ml Erlenmeyer f la sk s , in
d u p lica te , con tain ing  20 ml Krebs o r ig in a l  Ringer phosphate b u ffe r ,
i  Zj'pH 7 .4 , and 60 yg AFB^  (O.l pGi G-AFB^). Incubations were c a rr ie d
out as fo r  metabolism experiments using f re sh ly  iso la te d  hepatocy tes,
and were term inated a f te r  15 min and 2 h r . At the end o f the
incubation  period  the s l ic e s  and so lu tio n s  were tra n s fe rre d  to  a
Potter-Elvehjem  homogeniser and placed in  ic e . The t is s u e  was
homogenised (3 s tro k es ) , s h e ll  frozen and fre e z e -d r ie d . The co n ten ts
of the zero-tim e con tro l f la sk  were homogenised p r io r  to adding the 
14
G-AFB^ and then frozen and fre e z e -d rie d . One s e t  o f d u p lic a te s  o f 
the f re e ze -d ried  samples were re c o n s titu te d  with water/m ethanol in
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the usual way, and analysed by HPLG and radioactive counting. These
revealed that metabolism of AFBj^  in these slices was very poor, with
1473^ of the initial G-AFB^ concentration remaining at 15 min and 
1^% remaining by 2 hr incubation. The volume of medium used (20 ml) 
was the same as that used in experiments with freshly isolated 
hepatocytes for direct comparison, but the volume was high relative 
to the surface area of the liver slices. Thus the contact of the 
liver slices with AFB^ was probably low which may have resulted in 
the poor metabolism. The other set of duplicate samples were 
reconstituted initially with water only, and aliquots taken for 
overnight incubation with either Helix pomatia p-glucuronidase or
14buffer only as described. However, once again no free G-labelled 
non-polar metabolites of AFB^ were released by action of the enzyme.
5.3 INVESTIGATION INTO THE POSSIBLE FORMATION OF GLUTATHIONE
14
GONJUGATES OF G-AFB^ METABOLITES
(a) The Effect of Diethyl Maleate Preadministration on the Metabolism 
14of G-AFB^ bv Freshly Isolated Hepatocytes from Untreated and
Pretreated Rats
Many xenobiotics, particularly activated (i.e. electrophilic 
metabolites) form conjugates with reduced glutathione (GSH, a tri­
peptide containing glutamic acid, cysteine and glycine) either 
chemically or enzymically via the glutathione-S-transferases (see 
Boyland and Ghasseaud, I969). These conjugates may be either excreted 
per se or metabolised further, in the kidney, to form cysteinyl-glycine 
and cysteine derivatives and ultimately mercapturic acids which may 
then be excreted (see Boyland and Ghasseaud, I969). Unfortunately,
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th e re  i s  no rep o rted  method analogous to the enzymic hydro lysis  o f 
glucuronides and su lphates fo r  the h y d ro ly tic  re le a se  o f the in ta c t  
g lu ta th io n e  moiety and the  o r ig in a l xenobiotic  m etabolite  which 
could then be id e n tif ie d .
The p o s s ib i l i ty  th a t  AFB^  m etabo lites may form conjugates with 
GSH was examined in  f re sh ly  iso la te d  hepatocytes from un trea ted  and 
p re tre a te d  r a t s .  D iethyl maleate (DEM) i s  known to  dep le te  
hepatic  GSH le v e ls  in  vivo (Boyland and Ghasseaud, I 969) . D epletion 
of the h ep a tic  GSH le v e ls  p r io r  to  is o la t io n  o f the  hepatocytes would 
be expected to  r e s u l t  in  the reduction  o r complete lo s s  o f p o la r  
m a te ria l, which would otherw ise normally be de tec ted  by HPLG and 
rad io ac tiv e  counting, i f  th i s  m ateria l was composed of GSH conjugates 
o f AFB^  m etabo lites.
In each experiment, 3 r a t s  received  an i .p .  in je c tio n  o f  d ie th y l 
maleate (0.6  ml kg  ^ body weight) and 3 r a t s  were co n tro ls . T h irty  
min follow ing the d ie th y l maleate ad m in istra tio n , 2 r a t s  (+ DEM) 
were an aes th e tised  fo r  the p rep ara tio n  o f iso la te d  hepatocytes in  
the usual manner. Sim ultaneously, 2 r a t s  (+ DEM) were an aes th e tised , 
the l iv e r s  perfused  with cold sa lin e  s i t u , excised and GSH le v e ls  
determined in  the l iv e r  homogenates as described  in  chap ter 2.5(& ).
Two h r a f te r  the  d ie th y l maleate ad m in istra tio n , a fu r th e r  2 r a t s  
(+ DEM) were taken fo r  h ep a tic  GSH determ ination . Following is o la t io n  
of the hepatocytes (+ DEM p read m in is tra tio n ), samples of the c e l l s  were 
d isru p ted  using an U ltra tu rrax  and GSH le v e ls  a lso  determ ined. The
remainder o f the hepatocytes was used fo r  metabolism s tu d ie s  w ith
14G-AFB^  as p rev iously  described  and incubations term inated a f t e r
15 min and 2 h r .
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( i)  F reshly Iso la te d  Hepatocytes from U ntreated (Control) Rats,
The GSH le v e ls  in  l iv e r  homogenates from co n tro l r a t s  and in  
f re sh ly  iso la te d  hepatocytes, and the d ep le tio n  caused by d ie th y l 
maleate are  shown in  ta b le  5 .1 . T hirty  min a f t e r  the  in je c tio n  o f 
d ie th y l m aleate, the  GSH le v e ls  had f a l le n  to 6 .7^  o f the i n i t i a l  
le v e l ,  and by 2 h r  the  GSH le v e l  had s ta r te d  to  in c rease . I so la tio n  
of the hepatocytes i t s e l f  caused a lo s s  o f GSH by 67%, and d ie th y l 
maleate adm inistered 30 min p r io r  to  is o la t io n  caused a to ta l  
d ep le tio n  o f GSH.
In f re sh ly  iso la te d  hepatocytes from co n tro l r a t s ,  d ie th y l
m aleate appeared to cause a s l ig h t  decrease in  the  r a te  o f phase I
metabolism of ^^G-AFB  ^ as can be seen in  f ig .  5.1 which shows the
HPLG tra c e s  o f AFB^  and i t s  m etabo lites. This fig u re  dem onstrates
th a t  in  the samples obtained using hepatocytes from r a t s  which had
received  d ie th y l m aleate, th e re  was s l ig h t ly  g re a te r  re s id u a l
^^G-AFB  ^ remaining a t  the end o f the 2 h r incubation  compared
w ith the le v e ls  determined in  samples from un trea ted  r a t s .  There
was a lso  s l ig h t ly  increased  le v e ls  o f fre e  AFIij^  and AFQ,^  in  the
former samples and a marginal reduction  in  the peak h e ig h t o f  a
m etabolite  w ith sh o rt re te n tio n  time ( i . e .  po lar) which has been
denoted peak 3 ( f ig .  5 .1 , re te n tio n  time approximately 3 .5  min).
14I t  i s  po ssib le  th a t  the recovery o f G-AFB  ^ and i t s  m etabo lites was 
s l ig h t ly  g re a te r  in  the samples prepared from c e l ls  from d ie th y l 
maleate p re tre a te d  r a t s  than th a t  in  samples from c e l l s  from r a t s  
no t rece iv in g  d ie th y l m aleate. That th i s  d iffe ren ce  was due p a r t ly  
to experim ental v a r ia tio n  i s  in d ica ted  in  the r e s u l ts  given in  f ig .  5 .2  
which do not dem onstrate any r e a l  observable d iffe ren ce  between the 
histogram s of the m etabolic p ro f i le s  in  hepatocytes from r a t s  + DEM.
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F ig . 5.1 HPLG Separation o f Metabolites of AFB^  Produced by
Freshly Isolated  Hepatocytes
-  DEM
ÜI_o<
>
3
0 2 4 6 8 10 12 !4 16 18
+  DEM
0  2 4 6 8 10 12 14 16 18
o
u.
0  2 4  6 8 1012 14 16 18
Retention Time (min)
14G-AFB  ^ incubated fo r  2 h r with fre sh ly  iso la te d  hepatocytes from 
co n tro l r a t s  + d ie th y l maleate (DEM) p read m in is tra tio n .
Fig. 5 .2  D is tr ib u tio n  o f R ad ioac tiv ity  in  HPLG Column E luate 
F ractions
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•H
F raction  number (1 min f ra c tio n s )
14^-AFB^ incubated fo r  15 min and 2 h r with fre sh ly  iso la te d  hepatocy tes from 
con tro l r a t s  + diethylm aleate  (DEM) p read m in istra tio n .
E rro r bars  denote S .E .M .'s.
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Since GSH may conjugate with a c tiv a te d  compounds, d ie th y l maleate
p read m in is tra tio n , which dep le tes  GSH le v e ls ,  may r e s u l t  in  g re a te r
macromolecular binding o f the  ac tiv a te d  compound and thus be
re f le c te d  in  reduced ra d io a c tiv ity  in  the non-bound (water/m ethanol
so lub le) ra d io a c t iv ity .  Table 5 .2  shows the t o t a l  r a d io a c tiv ity
p resen t in  the 100 p i a liq u o ts  o f the  water/m ethanol soluble
14m ateria l a f t e r  2 h r  incubation  with the C-AFB  ^ in  hepatocytes 
from co n tro l and p re tre a te d  r a t s  + d ie th y l m aleate p read m in is tra tio n .
In the water/m ethanol so lub le  m ateria l from c e l l s  iso la te d  from 
co n tro l r a t s ,  d ie th y l maleate p readm in istra tion  ^  vivo had no e f fe c t  
on the r a d io a c tiv ity  p resen t in  th i s  m a te ria l.
( i i )  F reshly Iso la te d  Hepatocytes from Phenobarbitone P re tre a ted  Rats.
GSH le v e ls  in  l i v e r  homogenates from phenobarbitone p re tre a te d
r a t s  were reduced to  28.5^ of the i n i t i a l  le v e ls  30 min a f t e r  d ie th y l
maleate p read m in is tra tio n  v ivo , and by 2 h r  the le v e ls  had increased
to  42^ ( ta b le  5 .1 ) . I so la tio n  o f hepatocytes caused a lo s s  o f 62%
of the GSH le v e ls  and p read m in is tra tio n  o f d ie th y l maleate caused a
fu r th e r  dep le tion  to  17 . 3% of the i n i t i a l  le v e l ( ta b le  5 .1 ) .
Phenobarbitone p re treatm en t i t s e l f  re su lte d  in  an increase  in  the
GSH le v e ls  in  the l iv e r  (7.?6 + 0.46 pmole GSH g" l iv e r )  compared
-1to  the le v e ls  in  con tro l r a t s  (4.8 + 0 .8  pimole GSH g l i v e r ) .
P readm in istra tion  o f d ie th y l maleate to  r a t s  d id  no t have any 
observable e f f e c t  on phase I  metabolism o f 'C-AFB  ^ in  f re sh ly  
iso la te d  hepatocytes from phenobarbitone p re tre a te d  r a t s  judged 
on the lo s s  of la b e lle d  AFB^  ra th e r  than the production o f non-polar 
m etabo lites. However, production of ^^G -labelled  p o la r m a te ria l was 
reduced by d ie th y l maleate p read m in is tra tio n . F igs. 5 .3  and 5 .4  
c le a r ly  show th a t  a peak designated  as 4, with a re te n tio n  time of
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Table 5•2 E ffec t o f  D iethyl Maleate P readm in istra tion  on the
R ad io ac tiv ity  Recovered in  Water/Methanol E x trac ts
14Following 2 h r  Incubations o f G-AFBj  ^ with Freshly  
Iso la te d  Hepatocytes
P retreatm ent o f 
Rat
-  DEM 
(dpm loo 1^"^)
+ DEM 
(dpm loo yl"^)
Gontrol
Phenobarbitone 
3-M ethylcholanthrene 
AFB^  Feeding
1924.9 + 117.8
1911.8 + 117.5 
2467.2 + 43.9 
3160.0 + 289.3
2118.7
1658.3 + 193.5 
2346.6 + 123.4
2540.8 + 106.4
Values rep re sen t mean (+ S.E.M.) to t a l  r a d io a c tiv ity  in
fra c tio n s  of e lu a te  co llec ted  from HPLG column follow ing
loo y l  in je c tio n  o f water/m ethanol e x tra c t  o f hepatocytes +
14medium incubated with G-AFB  ^ fo r  2 h r .
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Fig. 5-3 HPLG Separation of Metabolites of AFBji Produced by
Freshly Isolated Hepatocytes
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G-AFB  ^ incubated fo r  2 h r with f re sh ly  iso la te d  hepatocytes from 
phenobarbitone p re tre a te d  r a t s  + d ie th y l maleate (DEM) p readm in istra tion ,
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Fig, 5'4 D istribution  o f Radioactivity in HPLG Column Eluate Fractions
•H
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F raction  number (1 min f ra c tio n s )
.G-AFB^  incubated fo r  15 min and 2 h r with f re sh ly  iso la te d  hepatocy tes from 
phenobarbitone p re tre a ted  r a t s  + d ie thy lm aleate  (DEM) p read m in is tra tio n .
E rro r bars denote S .E .M .'s .
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approximately 4 min (p resen t in  f ra c tio n  3 sis shown in  f ig .  5.^» 
f ra c tio n  c o lle c tin g  have commenced a t  the appearance o f the so lvent 
f r o n t ) , was markedly reduced by d ie th y l m aleate during the 2 h r 
incubation with ^^C-AFB^, and a lso  peaks 2 and 3 (p resen t in  
f ra c tio n  1) were reduced b u t to  a le s s e r  e x te n t. However, th ere  
was only a small in crease  in  AFQ^  ^ ( fra c tio n  6) with d ie th y l m aleate.
From ta b le  5 .2  i t  can be seen th a t  the  to ta l  ra d io a c tiv ity  
p resen t in  the water/m ethanol so luble m ateria l was s l ig h tly  lower 
w ith d ie th y l maleate p read m in is tra tio n , although th is  decrease was 
no t s t a t i s t i c a l l y  s ig n if ic a n t.
( i i i )  F reshly  Iso la te d  Hepatocytes from 3-M ethylcholanthrene 
P re trea ted  Rats.
In ta b le  5.1 i t  can be seen th a t  3-MG had no e f fe c t  on h ep a tic  GSH 
le v e ls  in  v iv o . By 30 min, d ie th y l maleate p read m in istra tio n  
dep leted  GSH le v e ls  to  13^ of the co n tro l le v e ls  in  3-MG p re tre a te d  
r a t s ,  but by 2 h r, hepatic  GSH le v e ls  had increased  to  35-5^ o f the 
co n tro l le v e ls .  I so la tio n  of the hepatocytes i t s e l f  re su lte d  in  a 
lo s s  o f ^3,7% GSH, whereas d ie th y l m aleate depleted  GSH to 18 .2^  o f 
the co n tro l iri vivo le v e ls .
In  f re sh ly  is o la te d  hepatocytes from 3-MG p re tre a te d  r a t s ,
p readm in istra tion  o f d ie th y l m aleate d id  no t a f fe c t  the phase I
metabolism o f ^^G-AFB  ^ ( f ig . 5 .5) as judged by disappearance o f
AFB .^ In the p o la r m a te ria l, peaks 2/3 and 5 (see f ig .  5 .5 ) were
reduced by d ie th y l maleate p read m in istra tio n  follow ing a 2 h r 
lA .
incubation with G-AFB  ^ (these peaks were p resen t in  f ra c tio n s  2 
and 3 re sp e c tiv e ly  as shown in  f ig .  5.6) .  Peak 5 had high 
fluorescence r e la t iv e  to i t s  UV absorp tion , whereas peaks 2/3 had 
h igher UV absorption  than fluorescence under the d e te c to r
Fig. 5.5 HPLG Separation of Metabolites of AFB^ Produced bv
Freshly Isolated Hepatocytes
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14G-AFB  ^ incubated fo r  2 h r  with f re sh ly  iso la te d  hepatocytes from 
3-m ethylcholanthrene p re trea te d  r a t s  + d ie th y l m aleate (DEM) 
p read m in istra tio n .
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Fig. 5» 6 D is tr ib u tio n  o f R ad ioac tiv ity  in  HPLG Column E luate 
F ractions
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14G-AFB^  incubated fo r  15 min and 2 h r with fre sh ly  iso la te d  hepatocytes from 
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cond itions used. Concomitant w ith the decrease in  these peaks
caused by p read m in is tra tio n  of d ie th y l m aleate, there  was an increase
in  AFM^  as shown in  f ig s .  5 .5  and 5 ,6 . The da ta  in  ta b le  5 .2 , showing
the to ta l  water/m ethanol e x tra c tab le  ra d io a c t iv ity  in  the  f ra c tio n s
prepared a f t e r  incubation  of hepatocytes from 3-MG p re trea te d  r a t s  
14with G-AFB ,^ would suggest th a t  th e re  was n eg lig ib le  e f f e c t  of
d ie th y l m aleate on the  amount of r a d io a c tiv ity  ex trac ted .
(iv ) Iso la te d  Hepatocytes from AFB^  Fed Rats.
The hepatic  GSH le v e ls  in  r a t s  fed  with AFB^  were moderately
increased  (5.93 + 0.18 |imole GSH g l iv e r )  compared to those in
co n tro l r a t s  (4.8 + 0 .8  umole GSH g  ^ l i v e r ) .  Again, 30 min follow ing
d ie th y l maleate p read m in is tra tio n , GSH le v e ls  had f a l le n  to  7^ of
the i n i t i a l  le v e ls ,  r is in g  to  28% by 2 h r . Iso la tin g  the hepatocytes
caused a 50% reduction  o f GSH, which was decreased fu r th e r  to  8%
of the i n i t i a l  ^  vivo le v e l  by d ie th y l m aleate p read m in is tra tio n .
D iethyl maleate p read m in is tra tio n  o f AFB^  ^ fed  r a t s  re su lte d  in
14a decreased r a te  o f phase I  metabolism of G-AFB  ^ by hepatocytes
iso la te d  from these r a t s  based on the disappearance o f the AFB .^
14By 2 h r, v i r tu a l ly  a l l  the G-AFB  ^ was u t i l i s e d  by hepatocytes 
from AFB^  fed r a t s  whereas in  c e l ls  from AFB^  fed r a t s  rece iv in g
jL
d ie th y l m aleate, approximately 22% o f the  i n i t i a l  G-AFB  ^ remained.
14D iethyl maleate a lso  reduced two G -labelled  peaks w ith sh o rt
re te n tio n  tim es, denoted peaks 2 and 4 ( f ig .  5 .7 ) . Peak 2
p a r t ic u la r ly  was decreased by d ie th y l maleate (p resen t in  f ra c tio n s
1 and 2, f ig .  5 .8 ) . There was no obvious in crease  in  AFM^  with
possib ly  only a very s l ig h t  increase  in  AFQ,^ . Table 5 .2 , showing
the r a d io a c tiv ity  in  water/m ethanol so luble m a te ria l o f hepatocytes
14from AFBj^  fed r a t s  + d ie th y l m aleate incubated with G-AFB ,^
1 6 2
Fig. 5 - 7  HPLG Separation of M etabolites of AFB^  Produced by
Freshly  Iso la te d  Hepatocytes
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in d ic a te s  th a t  the rad io ac tiv e  m ate ria l was decreased in  c e l l s  from 
d ie th y l maleate preadm inistered r a t s  compared to th a t  in  c e l l s  from 
r a t s  not rece iv in g  d ie th y l m aleate, although the d iffe ren ce  was not 
s t a t i s t i c a l l y  s ig n if ic a n t.
(b) Attempted H ydrolysis o f G lutathione Conjugates o f AFB^ ^
M etabolites
Various attem pts were made to  chem ically hydrolyse p o ssib le  
g lu ta th io n e  conjugates o f AFB^  m etabo lites p resen t in  the p o la r  
m ateria l formed during the  metabolism experim ents, thus re le a s in g
fre e  non-polar AFB^  m etabo lites which could be re a d ily  id e n tif ie d .
As described  p rev iously , the aqueous f ra c tio n s  remaining a f te r  
chloroform p a r t it io n in g  o f the medium + hepatocyte incubations 
(from phenobarbitone and 3-MG p re tre a te d  r a ts )  were fre e z e -d rie d  and 
re c o n s titu te d  with w ater. Approximately 2 ml a liq u o ts  were reac ted  
with 0 .5  ml mercury ( l l )  a c e ta te  so lu tio n  (4 mg ml“^) fo r  25 min 
a t  0°G (or with 0.5 ml H^ O only), to attem pt to cleave any g lu ta ­
th ione which may have conjugated w ith AFB^  m etabo lites v ia  the 
sulphydryl group o f the  cyste ine  moiety. Mercury s a l t s  are 
repo rted  to hydrolyse m ateria l which con ta ins sulphydryl groups 
(Fujino and Nishimura, 1976; Goyle and Young, 19?6), although 
th i s  method i s  not sp e c if ic  fo r  g lu ta th io n e  conjugates. Aqueous
samples of b i le ,  c o lle c ted  from phenobarbitone p re tre a te d  r a t s  
in je c te d  with ^-AFB^, were also  tre a te d  with mercury ( l l )  
ac e ta te  so lu tio n  in  w ater and with mercury ( l l )  a c e ta te  so lu tio n  
in  10^ t r i f lu o ra c e t ic  ac id  (Fujino and Nishimura, 1976). Equal 
volumes of methanol were added to each o f these  samples a f t e r  t r e a t ­
ment w ith the mercury a c e ta te  and a liq u o ts  taken fo r  HPLG a n a ly s is
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and rad io ac tiv e  counting of e lu a te  f ra c tio n s . No obvious rad io ­
la b e lle d  non-polar m etabo lites were re lea sed  by reac tio n  with 
mercury ace ta te  in  any o f the samples tre a te d .
145 .4  METABOLISM OF G-AFM^  BY FRESHLY ISOLATED HEPATOCYTES FROM
3-METHYLGHOLANTHRENE PRETREATED RATS
14G-AFMj^  was prepared by incubation o f post-m itochondrial
14supernatan t, from 3-MG p re tre a te d  r a t s ,  w ith G-AFB ,^ and the
14 14G-AFM^  produced was separated  by HPLG. The G-AFM^  thus iso la te d
was then incubated with fre sh ly  iso la te d  hepatocytes from 3-MG
p re tre a te d  r a t s  to confirm th a t  AFM^  undergoes fu r th e r  metabolism
14 /by these c e l l s .  Approximately 0.75 ^  G-AFMj^  (approximate sp e c if ic
a c t iv i ty ,  l6  mGi mmol ) was incubated with hepatocytes according
14to the p reviously  described method, fo r  2 h r . In ad d itio n , G-AFB^
(approxim ately 0 . 5 ^  ml" ) was incubated fo r  15 min and 2 h r w ith
the c e l l s  to confirm th a t  metabolism was proceeding as p reviously  found
in  c e l l s  from 3-MG p re tre a te d  r a t s .  Metabolism was analysed by
HPLG and rad io ac tiv e  counting o f f ra c tio n s  o f e lu a te  c o lle c ted
(f ig s . 5.9 and 5 .10 ).
Freshly iso la te d  hepatocytes from 3-MG p re tre a te d  r a t s  alm ost 
14completely m etabolised G-AFM^  to rad io la b e lle d  m ate ria l with much 
sh o rte r  re te n tio n  times ( f ig s . 5.9 and 5.10) during the 2 h r 
incubation . In ad d itio n  to conversion to the p o la r m a te ria l, a 
small amount of rad io la b e l appeared in  a' peak co inciden t w ith the 
re te n tio n  time app rop ria te  fo r  AFQ .^
F ig . 5*9 HPLG Separation of AFM^ and i t s  M etabolites Produced
by Freshly Isolated  Hepatocytes.
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5.5 SUMMARY
The p o ssib le  form ation o f g lucuronate and su lphate conjugates 
o f AFB^  m etabo lites by f re sh ly  iso la te d  hepatocytes from u n trea ted  and 
p re tre a te d  r a t s  was in v es tig a te d . Incubation o f p o la r  f ra c tio n s , 
is o la te d  by p a r t it io n in g  with chloroform, with P-glucuronidases 
from H elix pomatia and E. c o l i  d id  no t re le a se  any fre e  non-polar 
AFB^  m etabo lites  under the cond itions used. In vivo metabolism of 
%-AFBj  ^ in  phenobarbitone p re tre a te d  r a t s  re leased  small amounts o f 
%-AFP^ subsequent to p-glucuronidase incubation o f b i le  c o lle c te d  
from the r a t s .
14Under the cond itions used fo r  incubation  o f C-AFB  ^ w ith 
l i v e r  s l ic e s  from phenobarbitone p re tre a te d  r a t s ,  very l i t t l e  
metabolism occurred in  th i s  system compared to  the corresponding 
f re sh ly  iso la te d  hepatocytes,
GSH le v e ls  in  l iv e r  homogenates were increased  by vivo 
p retreatm ent w ith phenobarbitone and AFB^  feeding to r a t s .  D iethyl 
m aleate p read m in istra tio n  fo r  30 min dep leted  vivo GSH le v e ls  to 
between ? and 28,5% o f the con tro l le v e ls  in  a l l  r a t s ,  GSH le v e ls  
had s ta r te d  to increase  again by 2 h r  follow ing in je c tio n  w ith 
d ie th y l m aleate. I so la tio n  o f hepatocytes from un trea ted  and p re tre a te d  
r a t s  (not rece iv in g  d ie th y l m aleate) caused between 33 and 5^% lo s s  
of i n i t i a l  le v e ls  of GSH, although these le v e ls  varied  considerably  
between p rep ara tio n s . D iethyl m aleate p read m in is tra tio n  to the r a t s  
caused fu r th e r  dep le tion  o f GSH le v e ls  in  iso la te d  hepatocytes to  
between 0 and 18% of the corresponding in  vivo le v e ls .
P readm in istra tion  o f d ie th y l maleate to co n tro l r a t s  d id  no t
14s ig n if ic a n tly  a f f e c t  phase I  o r phase I I  metabolism o f G-AFB  ^ in
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f re sh ly  iso la te d  hepatocytes. In  hepatocytes iso la te d  from pheno­
barb itone and 3-MG p re tre a te d  r a t s ,  however, although pretreatm ent
14with d ie th y l m aleate d id  no t a f f e c t  primary metabolism o f G-AFB ,^ in
each case a t  l e a s t  the  h e ig h t of one peak on the HPLG chromatogram
with sh o rt re te n tio n  time ( i . e .  p o la r  m ateria l)  was decreased. In
c e l ls  from 3-MG p re tre a te d  r a t s  the decrease in  p o la r  m a te ria l, as a
r e s u l t  o f d ie th y l maleate p read m in is tra tio n , was concurrent w ith an
increase  in  AFM ,^ In the case of hepatocytes iso la te d  from AFB^  fed
r a t s ,  d ie th y l maleate p readm in istra tion  s l ig h t ly  decreased the r a te
14of phase I  metabolism of G-AFB^, and su b s ta n tia l ly  decreased peaks 
in  the p o la r  reg ion  bu t with no concomitant increase  in  free  
non-polar AFB^  m etabo lites. In these c e l l s  and in  c e l l s  from
phenobarbitone p re tre a te d  r a t s ,  where th ere  was a lso  no increase  in
non-polar m etabo lites when p o la r m ate ria l was reduced by d ie th y l 
maleate p read m in is tra tio n , th ere  was s l ig h t ly  decreased to ta l  
r a d io a c tiv ity  in  the water/m ethanol e x tra c ts  as a r e s u l t  o f the 
d ie th y l m aleate trea tm en t.
Mercury ( l l )  a c e ta te  treatm ent w ith p o la r  m ate ria l from
14 1hepatocyte incubations with G-AFBj^  and b i le  contain ing  '41-AFB^
derived m ate ria l d id  not re le a se  fre e  non-polar AFB^  m etabo lites
from p ossib le  GSH conjugates.
Freshly iso la te d  hepatocytes from 3-MG p re tre a te d  r a t s  
14fu r th e r  m etabolised G-AFM^  to ra d io la b e lle d  m ate ria l with
sh o rte r  re te n tio n  time as analysed by HPLG, Metabolism of 
14G-AFRj^  was v i r tu a l ly  complete by 2 h r .
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CHAPTER 6
EFFECT OF AFB^  ON RIBONUCLEIC ACID AND PROTEIN SYNTHESES 
IN FRESHLY ISOLATED AND 24 HR CULTURED HEPATOCYTES
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6.1 INTRODUCTION
As mentioned in  chap ter 1 .4 , the  in v e s tig a tio n  in to  the  e f fe c t  
o f  AFB^  on nucle ic  ac id  and p ro te in  syntheses in  experim ental systems 
could provide a rap id  and se n s itiv e  index o f metabolism o f AFB^, I t  
may a lso  provide an index o f the cy to tox ic  a c tio n  o f AFB^  since the 
b io lo g ic a l le s io n  i s  probably a consequence o f the e f fe c t  o f  AFB^  on 
n ucle ic  ac id  and p ro te in  syntheses.
The a b i l i ty  o f AFB^  to in h ib i t  these p rocesses, p a r t ic u la r ly  RNA 
sy n th es is , in  d iv id in g  c e l l  l in e s  from various sources has been 
e s ta b lish ed  (Zuckerman e t  a l . ,  19^7; Harley e t  a l . , I 969; Garvican, 
e t  a l . , 1973; C liffo rd  e t  a l . , 197&). However, few s tu d ie s  have been 
reported  concerning the e f fe c t  o f AFBj^  on RNA and p ro te in  syntheses 
in  non-dividing hepatocytes from r a t  l iv e r  (S caife , 1971; McIntosh 
e t ^ . ,  1976) .
This chap ter p re sen ts  the r e s u l t s  o f experiments to  determ ine
-1the e f f e c t  o f a range o f AFB^  concen tra tions (0 ,01-0 .5  ys ml" ) and 
leng th  o f incubation  time on the inco rpo ra tion  o f  ra d io la b e lle d  RNA 
and p ro te in  p recu rso rs , as a measure o f RNA and p ro te in  syntheses 
re sp e c tiv e ly , in  f re sh ly  iso la te d  and 24 h r cu ltu re d  hepatocytes from
u ntreated  r a t s  and r a t s  p re tre a te d  w ith phenobarbitone, 3-MC and fed
3 —1a d ie t  con tain ing  AFBj^ , H-Orotic ac id  (0 ,5  o r 1,0 pCi w ell" ) was
3 —1added to the c e l l s  as the RNA p recu rso r and H -leucine (0 ,5  pCi w ell" )
as the p ro te in  p recu rso r, Ihe method used in  th is  in v e s tig a tio n  i s
described in  chap ter 2 .6 (b ) , F reshly  iso la te d  and 24 h r  cu ltu red
hepatocytes were incubated with AFB^  fo r  1 ,2 ,4 ,6  and 8 h r , the  
3
H -labelled  p recurso r added 45 min p r io r  to the term ination  o f the 
incubation  period . R esults were expressed as  ac id -in so lu b le  dpm
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yg p ro te in ”  ^ {% PG tre a te d  co n tro l) fo r  f re sh ly  iso la te d  c e l l s .  In 
the 24 h r  c u ltu re s  the  r e s u l ts  were expressed as a c id -in so lu b le
o •! h
H/ g r a t io ,  the p ro te in  being p re la b e lled  by preincubation  with 
^^G-leucine (5 pGi p er to ta l  number o f c e l l s  c u ltu re d ) , This 
provided a v a lid  measure o f p ro te in  concentration  (see chap ter 
2 .6 (b )) . Actinomycin D (0.5 pM f in a l  concen tration) and 
cycloheximide (1 pM f in a l  concen tration) were added to  the c e l l s  
(providing p o s itiv e  c o n tro ls ) , s ince these compounds are  known 
in h ib i to rs  o f RNA and p ro te in  syntheses re sp ec tiv e ly , causing 
approxim ately 80% in h ib it io n  o f RNA syn th esis  and 75-90% in h ib it io n  
o f p ro te in  syn thesis  in  hepatocytes a t  these  concen tra tions 
(Schreiber and S chreiber, 1975)» and do not req u ire  m etabolic 
a c tiv a tio n .
6 .2  EFFEGT OF AFB^  GONCENTRATION AND TIME ON THE INGORPORATION OF
^H-OROTIG AGID IN FRESHLY ISOLATED AND 24 HR GULTURED HEPATOGYTES 
FROM UNTREATED AND PRETREATED RATS
(a) U ntreated Rats
( i)  F reshly  Iso la te d  Hepatocytes
During the f i r s t  hour of incubation  with AFB^  in co rp o ra tio n  o f 
^H -orotic ac id  was in h ib ite d  by 22% a t  0,01 pg AFB^  ml"^ with in c reasin g  
in h ib itio n  as AFB^  concen tra tion  increased . The h ighest dose, 0 ,5  pg 
AFB^  ml”^, in h ib ite d  inco rporation  by 77%. The dose-response curves 
are  shown in  f ig ,  6 .1 . 0 .5  pM actinomycin D a lso  caused 77% 
in h ib itio n  o f incorporation  o f the  p recu rso r a f t e r  1 h r incubation , 
which was equ ivalen t to the in h ib it io n  caused by 1 ,6  pM AFB^, When 
the c e l l s  were incubated with AFBj^  fo r  longer periods, up to  8 h r .
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3the in h ib itio n  o f inco rpora tion  o f H -orotic  ac id  by AFB^  was only 
s lig h t ly  g re a te r  than th a t  in  1 h r ( f ig .  6 ,1 ), thus ir re sp e c tiv e  o f 
the concen tra tion  o f AFB^  and the le v e l o f in h ib itio n  achieved the 
inhibitory- process was e s s e n tia l ly  completed in  1 h r ,
( i i )  24 h r  Cultured Hepatocytes
When 24 h r  cu ltu red  hepatocytes from un trea ted  r a t s  were 
incubated with 0,01 jig AFB^  ^ ml“  ^ fo r  1 h r  the incorporation  o f 
^H -orotic ac id  was in h ib ite d  by 54%, and with 0 ,5  }ig AFBj^  ml”  ^ the 
in h ib itio n  was 81% ( f ig , 6 ,2 ) , One h r incubation  with 0,5 yUM 
actinomycin D caused 78% in h ib itio n  which was equ ivalen t to  the  
in h ib itio n  caused by approximately 1 yiM AFBj^ , As in  the  case o f the 
f re sh ly  is o la te d  hepatocytes, maximal in h ib itio n  was v i r tu a l ly  
achieved by 1 h r, with 88% in h ib itio n  being caused by 0,5 ^g AFB^  ml 
a f te r  8 h r incubation  ( f ig ,  6 ,2 ) , Thus, i t  appeared th a t  the p rogress 
o f the le s io n  and the f in a l  in h ib ito ry  le v e ls  achieved were s im ila r  
in  f re sh ly  iso la te d  and 24 h r cu ltu red  c e l l s  from co n tro l r a t s .
(b) Phenobarbitone Pretreated Rats
(i) Freshly Isolated Hepatocytes
One hour incubation of freshly isolated hepatocytes, from 
phenobarbitone pretreated rats, with O.Ol ug AFB^ ml resulted in 
negligible inhibition (4%) of incorporation of %-orotic acid
(fig. 6,3). Fifty-six percent inhibition was caused by 0,05 yg AFBj^
1 —1 ml” , but w ith 0 ,5  AFB^  ml in co rpo ra tion  was in h ib ite d  by 93% in
1 h r , Actinomycin D caused 94% in h ib it io n  in  the f i r s t  hour which
i s  s l ig h t ly  g re a te r  than the in h ib it io n  caused by the maximum
concen tra tion  o f 1 ,6  pM AFB^  used. Between 1-6 h r  the  response
p a tte rn  was s im ila r  ( f ig ,  6 ,3 ). By 8 h r incubation , in h ib it io n  o f
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i n c o r p o r a t i o n  o f  t h e  p r e c u r s o r  w a s  so m e w h a t  g r e a t e r  a t  t h e  l o w  
c o n c e n t r a t i o n  o f  AFB^. T h u s  c o m p a r e d  t o  f r e s h l y  i s o l a t e d  
h e p a t o c y t e s  fr o m  c o n t r o l  r a t s ,  i n  c e l l s  f r o m  p h e n o b a r b i t o n e  
p r e t r e a t e d  r a t s  t h e r e  w a s  m uch l e s s  i n h i b i t o r y  e f f e c t  o f  AFB^ 
a t  l o w e r  c o n c e n t r a t i o n s ,  b u t  g r e a t e r  e f f e c t  a t  h i g h e r  AFB^ 
c o n c e n t r a t i o n s .
( i i )  2 4  h r  C u l t u r e d  H e p a t o c y t e s
I n  2 4  h r  c u l t u r e d  h e p a t o c y t e s  fr o m  p h e n o b a r b i t o n e  p r e t r e a t e d  r a t s  
t h e  d o s e - r e s p o n s e  c u r v e s  o f  t h e  e f f e c t  o f  AFB^ c o n c e n t r a t i o n  o n  t h e  
i n c o r p o r a t i o n  o f  ^ H - o r o t i c  a c i d  w e r e  v e r y  s i m i l a r  t o  t h o s e  i n  t h e  
f r e s h l y  i s o l a t e d  c e l l s ,  e x c e p t  t h a t  t h e  g r e a t e r  i n h i b i t i o n  c a u s e d  b y  
O .O l j i g  AFB^ m l"  s e e n  a t  8  h r  w a s  n o t  o b s e r v e d  i n  t h e  c u l t u r e s
( f i g .  6 . 4 ) .
(c) 3-Methylcholanthrene Pretreated Rats
(i) Freshly Isolated Hepatocytes
I n c u b a t i o n  o f  f r e s h l y  i s o l a t e d  h e p a t o c y t e s  f r o m  3-MG p r e t r e a t e d  
r a t s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  AFB^ r e s u l t e d  i n  a  s i m i l a r  
d o s e - r e s p o n s e  p a t t e r n  f o r  t h e  i n c o r p o r a t i o n  o f  % - o r o t i c  a c i d  a s  
i n  c e l l s  f r o m  p h e n o b a r b i t o n e  p r e t r e a t e d  r a t s .  A t  t h e  l o w e s t
■I
c o n c e n t r a t i o n  of AFB^ (O.Ol j i g  AFB^ ml" ) incorporation levels did
n o t  s i g n i f i c a n t l y  d i f f e r  fr o m  t h o s e  i n  PG t r e a t e d  c e l l s ,  i n c o r p o r a t i o n
w a s  i n h i b i t e d  s l i g h t l y  a t  t h e  n e x t  h i g h e r  c o n c e n t r a t i o n ,  w h e r e a s  w i t h
t h e  h i g h e r  c o n c e n t r a t i o n s  i n c o r p o r a t i o n  w a s  g r e a t l y  i n h i b i t e d  b e i n g
1a l m o s t  m a x im a l a t  0 . 5  AFB^ m l"  ( f i g .  6 . 5 ) .  ‘ T h i s  p a t t e r n  o f  
i n h i b i t i o n  w a s  s i m i l a r  f o r  a l l  i n c u b a t i o n  t i m e s  e x c e p t  1 h r  w h e r e  
i n c o r p o r a t i o n  a t  0 . 0 2 5  a n d  0.05  j i g  AFB^ m l"  w a s  s l i g h t l y  m o re  
i n h i b i t e d .  A c t i n o m y c in  D c a u s e d  9 2 -9 8 %  i n h i b i t i o n  o f  i n c o r p o r a t i o n
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3
of H -oro tic  ac id , which i s  s l ig h t ly  g re a te r  than the in h ib it io n
caused by the maximum concen tra tion  o f 1 .6  jiM AFB .^
( i i )  24 h r Cultured Hepatocytes
Once again the  o v e ra ll dose-response p a tte rn  fo r  the inco rpora tion
of % -o ro tic  ac id  in  24 h r  cu ltu red  and f re sh ly  iso la te d  hepatocytes
from 3-NG p re tre a te d  r a t s  was very s im ila r , although in co rp o ra tio n  was
s lig h t ly  more in h ib ite d  by each AFBj^  concen tra tion  in  the c u ltu re s
( f ig , 6 .6 ) . In these  c e l l s ,  incubation  with AFB^  fo r  longer periods
d id  not s ig n if ic a n tly  increase  the in h ib ito ry  e f fe c t  o f AFB^
3
concen tra tion  on the inco rpora tion  o f H -oro tic  ac id , Actinomycin D
in h ib ite d  inco rpo ra tion  by 90-98%, being equ ivalen t to the in h ib itio n  
caused by 1 ,6  jiM AFB^,
(d) AFB^  Fed Rats
( i)  F reshly Iso la te d  Hepatocytes
During 1 h r incubation  of f re sh ly  iso la te d  hepatocytes, from
—1 3AFB^  fed  r a t s ,  w ith 0,01 jog AFB^  ml inco rpora tion  o f H -oro tic
acid  was in h ib ite d  by only 6%, reaching 48% in h ib itio n  a t  0 ,5  Jig
AFBj^  ml ( f ig , 6 ,7 ) . With prolonged incubation  tim es these  c e l l s
s t i l l  showed a reduced degree of in h ib it io n  by AFB^  ^ a t  a l l
concen tra tions compared to  c e l l s  from un trea ted  r a t s ,  although th e re
was perhaps more v a r ia tio n  in  the values obtained using hepatocytes
from AFB^  fed r a t s .  Between 60-?0% in h ib it io n  o f in co rp o ra tio n  o f
% -o ro tic  ac id  was observed w ith 0 ,5  actinomycin D which was
g re a te r  than the in h ib it io n  caused by 1 ,6  jiM AFB^, the maximum
concen tra tion  used,
( i i )  24 h r Cultured Hepatocytes
In h ib itio n  o f inco rpo ra tion  o f the RNA precu rso r by AFB^  in
181
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24 h r cultured, hepatocytes from AFB^  fed r a t s  was somewhat g rea te r
than in  the corresponding f re sh ly  iso la te d  c e l l s  ( f ig .  6 ,8 ) . However,
compared to  c u ltu re s  from un trea ted  r a t s  the  in h ib ito ry  e f fe c t  of
AFB^  concen tra tion  on the inco rpo ra tion  was not as  pronounced. During
1 h r  incubation  0.01 ug AFB^  ml“  ^ caused 18^ in h ib it io n  and in h ib itio n
was 30^  a t  0 .5  AFB^  ml” . With in creasin g  incubation  time th ere
was perhaps a s l ig h t ly  g re a te r  in h ib ito ry  e f fe c t  but only a t  the
h igher AFB^  concen tra tions ( f ig . 6 ,8 ) . Actinomycin D caused between
3
35- 69^  in h ib it io n  o f inco rpo ra tion  o f H -oro tic  ac id , being
approximately the same in h ib it io n  as caused by 1,6 jM AFB^,
F igs. 6,9  and 6,10 show a summary o f the e f fe c t  o f AFB^
concen tra tion  a t  one time p o in t, in  fre sh ly  iso la te d  and 24 h r cu ltu red
3
hepatocytes re sp e c tiv e ly , on inco rpo ra tion  o f ^H -orotic ac id , with 
comparison o f the d if f e re n t  p re trea tm en ts .
6,3 EFFEGT OF AFB^  ^ CONCENTRATION AND TIME ON THE INCORPORATION OF 
%-DEUCIHE IN FRESHLY ISOLATED AND 24 HR CULTURED HEPATOCYTES 
FROM UNTREATED AND PRETREATED RATS
(a) U ntreated Rats
( i)  Freshly Iso la te d  Hepatocytes
One hour incubation  o f f re sh ly  iso la te d  hepatocytes from u n trea ted  
r a t s  with a concen tra tion  range o f AFBj^  re su lte d  in  no e f fe c t  o f
3
AFB^  on inco rpora tion  o f H -leucine a t  0.01 jig AFB^  ml” , bu t w ith 
increasing  in h ib it io n  o f inco rpo ra tion  w ith increasing  AFB^
A
concen tra tions, so th a t  a t  0.5 ug AFB^  ml" inco rpo ra tion  was 
in h ib ite d  by 48% ( f ig .  6 ,11). Incubation with 1 |iM cycloheximide 
fo r  1 h r caused 88% in h ib itio n , which was much g re a te r  than th a t
184
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caused by 1 ,6  jM AFB^. During 2 h r  incubation inco rporation  of the 
p recurso r was in h ib ite d  fu r th e r  by AFB^  p a r t ic u la r ly  a t  the h igher 
doses, in  c o n tra s t to in h ib itio n  o f -"^H-orotic ac id  by AFB, in  these 
c e l ls  where no fu r th e r  in h ib it io n  was seen a t  2 h r  incubation . 
However, prolonged incubation  did  not markedly a l t e r  the ex ten t of 
in h ib itio n  shown a t  2 h r ( f ig , 6 . 11) .
( i i )  24 h r Cultured Hepatocytes
Incorporation  o f leucine  in  24 h r  cu ltu red  hepatocytes from 
un trea ted  r a t s  was only s lig h t ly  reduced by incubation fo r  1 h r  w ith 
AFB^  a t  the h igher concen tra tions ( f ig .  6 .1 2 ). Incubations fo r  
longer periods with AFB^  caused fu r th e r  in h ib it io n  of inco rpo ra tion  
of the p recu rso r, th i s  in h ib itio n  appearing to be time dependent in  
c o n tra s t to the f re sh ly  iso la te d  c e l l s .  So, by 8 hr, inco rpo ra tion
A
was in h ib ite d  by 46% a t  0.01 jig AFB^  ml” and reaching 84% in h ib it io n  
a t  0 .5  AFB^  ml”^ . One jiM cycloheximide caused between ?6-85%
in h ib it io n , being approximately the same as the in h ib itio n  caused 
by 1.6  jiM AFB^  incubated fo r  8 h r .
(b) Ihenobarbitone Pretreated Rats
(i) Freshly Isolated Hepatocytes
At the lower concen tra tions o f AFB ,^ th ere  was only s l ig h t  o r no 
in h ib itio n  of inco rpo ra tion  o f ^H-leucine in  f re sh ly  iso la te d  
hepatocytes from phenobarbitone p re tre a te d  r a t s  a t  a l l  incubation  
times ( f ig . 6 .13). A fter 1 h r incubation , in h ib itio n  o f in co rp o ra tio n  
was 23% a t  0 .5  j^g AFBj^ » but with in creasin g  incubation  tim e, 
in h ib itio n  became more marked a t  the h igher AFB^  concen tra tions 
( f ig . 6 .13) , in  c o n tra s t to th a t  seen in  f re sh ly  iso la te d  c e l l s  from 
co n tro l r a t s .  Between 85-92% in h ib itio n  was caused by 1 jiM
189
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cycloheximide, s l ig h t ly  g re a te r  than the in h ib itio n  re s u l t in g  from 
the maximum concen tra tion  o f AFB^  used of 1 ,6
( i i )  24 h r  Cultured Hepatocytes
The e f fe c t  o f AFB^  concen tra tion  and time on the inco rpo ra tion  
o f ^H-leucine in  24 h r cu ltu red  hepatocytes from r a t s  p re tre a te d  
with phenobarbitone was very s im ila r  to  th a t  in  the corresponding 
f re sh ly  iso la te d  c e l l s  ( f ig . 6 .1 4 ), 1 jM cycloheximide caused
between ?2-9l% in h ib it io n , which was s l ig h t ly  g re a te r  than th a t  
caused by 1 .6  uM .
(c) 3-MG P re trea ted  Rats
(i) Freshly Isolated Hepatocytes
Incubation o f f re sh ly  is o la te d  hepatocytes from 3-MG p re tre a te d  
r a t s  with AFBj^  fo r  various tim es re su lte d  in  l i t t l e  e f fe c t  on the
3
inco rpora tion  o f ^H-leucine a t  low AFBj^  concen tra tions, with 
in c reasin g ly  g re a te r  in h ib it io n  as  AFB^  concen tra tion  increased  
( f ig . 6 ,1 5 ). There were v a r ia tio n s  in  in co rpo ra tion  o f ^H-leucine 
a t  low concen tra tions o f AFBj, bu t these were not p a r t ic u la r ly  
tim e-dependent. However, a t  the h ig h est AFB^  concen tra tion  (0.5 
AFBj^  ml”^) in h ib itio n  o f inco rpo ra tion  became much more dependent 
on incubation tim e. Incorporation  was in h ib ite d  by '^6-85% by 1 ^M 
cycloheximide, which was approximately the same value fo r  the 
in h ib itio n  caused by incubation  with 1 .6  ^M AFB^  fo r  8 h r .
( i i )  24 h r Gultured Hepatocytes
Once again, the e f fe c t  o f AFB^  concen tra tion  and time on the
3 *
inco rpora tion  o f ^H-leucine in  24 h r  cu ltu red  hepatocytes from 3-MG 
p re tre a te d  r a t s  was s im ila r  to  th a t  in  f re sh ly  iso la te d  hepatocytes 
from 3-MG p re tre a te d  r a t s  ( f ig . 6 .16 ). The v a r ia tio n  in  in co rp o ra tio n
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3of H -leucine a t  the  lower AFB^  concen tra tion  was again q u ite  
considerable but was n o t dependent on incubation  tim e. One 
cycloheximide in h ib ite d  inco rpora tion  by 8 ^ 9 %  s l ig h t ly  g re a te r  
than the in h ib it io n  caused by 1 ,6  yM AFB^,
(d) AFB^  Fed Rats
( i)  F reshly  Iso la te d  Hepatocytes
Incubation o f f re sh ly  iso la te d  hepatocytes from AFB^  fed  r a t s  
w ith low concen tra tions o f AFBj^  had n e g lig ib le  e f fe c t  on the
3
inco rpo ra tion  o f H -leucine. At 0.1 jig AFB^  ml” and h ig h er concen­
t r a t io n s ,  inco rpora tion  was in h ib ite d  to in creasin g  degrees 
dependent upon time and AFBj^  concen tra tion  so th a t  incubation  with 
0 .5  AFB^  ml  ^ fo r  8 h r  caused 6Q% in h ib it io n  ( f ig . 6 . I 7 ) . 
Incorporation  was in h ib ite d  by 85-91% by 1 tliM cycloheximide, which 
was much g re a te r  than the in h ib it io n  caused by the maximum concen tra tion  
o f 1 . 6 ^  AFBj^ .
( i i )  24 h r Cultured Hepatocytes
During 1 h r incubation  o f 24 h r  cu ltu red  hepatocytes from
AFB^  fed  r a t s  w ith various concen tra tions o f AFB ,^ in co rp o ra tio n  of
% -leu c in e  was no t a ffe c te d  ( f ig .  6 .1 8 ). With prolonged incubation
times inco rpo ra tion  was only s l ig h t ly  in h ib ite d  a t  low AFB^
concen tra tions bu t inco rpo ra tion  was in c reas in g ly  in h ib ite d  with
higher concen tra tions and th is  was dependent upon leng th  o f
incubation time ( f ig .  6 .18). 1 yM cycloheximide caused between
86-92% in h ib it io n , th i s  in h ib itio n  being s l ig h t ly  g re a te r  than th a t  
caused by 1 .6  jiM AFB^. '
F igs 6.19 and 6.20 show a summary o f the e f f e c t  o f  AFB^
concen tra tion  a t  one time p o in t, in  f re sh ly  iso la te d  and
24 h r cu ltu red  hepatocytes re sp e c tiv e ly , on the inco rpo ra tion  o f
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^ - le u c in e ,  w ith comparison o f the d if f e r e n t  p re trea tm en ts ,
6 A  SUMMARY
(a) Pro t i c  Acid Incorporation
In fre sh ly  iso la te d  and 2k h r  cu ltu red  hepatocytes from u n trea ted  
and p re tre a te d  r a t s ,  the dose-response e f fe c t  o f AFB^  (on 
in co rpo ra tion  o f H -orotic  acid) was e s s e n tia l ly  complete w ith in  
1 h r. In f re sh ly  iso la te d  hepatocytes from phenobarbitone and 3-MG 
p re tre a te d  r a t s ,  in  c o n tra s t to  c e l l s  from co n tro l r a t s ,  incubation  
with AFB^  re su lte d  in  n eg lig ib le  e f fe c t  a t  low concen tra tions bu t a t  
high concen tra tions caused almost maximal in h ib it io n . Feeding r a t s  
on a d ie t  of AFB^  re su lte d  in  n e g lig ib le  e f fe c t  o f low concen tra tions 
of AFB^  on inco rpo ra tion  o f % -o ro tic  ac id  in  f re sh ly  iso la te d  c e l l s ,  
w ith increasing  in h ib itio n  a t  h igher AFB^  concen tra tions, although 
the ex ten t o f  in h ib itio n  was no t as g re a t compared to  th a t  in  f re sh ly  
iso la te d  c e l ls  from co n tro l r a t s  a t  any concen tra tion .
Fig, 6,9 shows the e f fe c t  o f the various p re treatm en ts on the  
in h ib it io n  o f in co rpo ra tion  o f % -o ro tic  ac id  in  f re sh ly  iso la te d  
c e l l s  over a concen tra tion  range o f AFB^  incubated fo r  k h r  ( th is  
time p o in t chosen as g iv ing  ty p ic a l cu rves). Approximate values
fo r  AFB^, i , e ,  concen tration  of AFB^  causing 0^% e f fe c t  ( in h ib itio n )  
were estim ated from these dose-response curves and are shown 
in  ta b le  6 ,1 , From these values the e f fe c t  p f the  various p re ­
treatm en ts on the  degree of in h ib itio n  o f inco rpo ra tion  o f ^H -orotic 
acid  by AFB^  were ( in  decreasing o rder o f s u s c e p t ib i l i ty ) ; 
u n trea ted  >  PB >  3MC >  AFB^  fed . Thus the value in  c e l l s
from AFBj^  fed r a t s  was more than 20 tim es g re a te r  than th a t  in  c e l l s
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from r a t s  rece iv ing  no pre treatm en t.
C ulturing  c e l l s  from p re tre a te d  and u n trea ted  r a t s  fo r  2k h r 
re su lte d  in  an o v e ra ll s l ig h t ly  g re a te r  in h ib it io n  o f inco rporation  
of ^h -o ro tic  acid  by AFB^  compared to  th a t  in  corresponding fre sh ly  
iso la te d  c e l ls  but which again was not dependent upon prolonged 
incubation a f t e r  1 h r . Fig, 6,10 shows the e f fe c t  o f AFB^  
concen tra tion  a f te r  4 h r  incubation  on in co rpora tion  o f th is  
p recursor in  cu ltu red  c e l l s  from un trea ted  and p re trea te d  r a t s ,  and 
again the values were estim ated (tab le  6 ,1) giving the degree of
s u s c e p tib i l i ty  as ( in  decreasing order) ; u n trea ted  > 3-MG ^  PB > AFB^  ^
fed . In these c u ltu re s , the ED^  ^ value in  c e l l s  from AFB^  fed r a t s  
was almost 7 tim es g re a te r  than th a t  in  c e l l s  from un trea ted  r a t s ,
(b) ^ -L eu c in e  Incorporation
The e f fe c t  o f AFB^  on inco rpo ra tion  of ^B-leucine was much more
tim e-dependent compared to i t s  e f fe c t  on ^H -orotic acid  in co rp o ra tio n .
In f re sh ly  iso la te d  hepatocytes from u n trea ted  r a t s ,  AFB^
caused some in h ib itio n  o f inco rpo ra tion  o f ^H-leucine during
1 h r incubation a t  th e  h igher concen tra tio n s. This in h ib it io n
increased with in creasin g  AFB^  concen tra tion  and incubation time
showing a time lag  between 1-2 h r . P retreatm ent of r a t s  w ith
phenobarbitone and 3-MG, and AFB^  feeding, re su lte d  in  a reduced
3
in h ib ito ry  e f fe c t  o f AFB^  on inco rpora tion  o f H -leucine, p a r t ic u la r ly  
with prolonged incubation , compared to the  e f f e c t  found in  c e l l s  
from co n tro l r a t s .  F ig, 6,19 shows the dose-response curves fo r  
2k h r c u ltu re s  from un treated  and p re tre a te d  r a t s  incubated with AFB ,^ 
fo r  4 h r (an in term ediate  incubation tim e), ED^  ^ values were,, 
estim ated and are  shown in  tab le  6 ,1 , From these values, the e f fe c t
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Table 6.1 Estim ated ED^^ ’ s fo r  Incorporation  o f ^H-Orotic Acid and 
^H-leucine by A flatoxin  in  Freshly Iso la ted  and 24 h r 
Cultured Hepatocytes
Hepatocytes
ED^q Incorporation
of ^H -orotic ac id  
(jig AFB^  ml”^)
ED^q Incorporation
of ^H-Leucine 
(ug AFB^  ml”^)
F reshly  iso la te d 0.019 0.062
U ntreated
2k h r  cu ltu red 0.011 0.096
Freshly iso la te d 0.05 0.26
Phenobarbitone
2k h r  cu ltu red 0.03 o . a i
Freshly iso la te d 0.08 0.37
3-Methylcholan-
threne
2k h r cu ltu red 0.029 0.35
Freshly  iso la te d 0.41 > 0.5
AFB^  Fed
2k h r  cu ltu red 0.074 0.21
ED^ 0 rep re sen ts  dose of AFB^  causing 0^% e f f e c t ,  i . e .  ^0%
3 3
in h ib itio n  o f incorporation  o f H -orotic  ac id  o r ^H -leucine.
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o f p re treatm en t on the a b i l i ty  o f AFB^  to  in h ib i t  inco rpo ra tion  of 
^H-leucine in  these c e l l s  was (in  decreasing  order of s u s c e p t ib i l i ty ) : 
u n trea ted  >  phenobarbitone >  3-MG >  AFB^  fed . Thus the value
in  24 h r cu ltu red  c e l l s  from AEB^  fed  r a t s  was more than 8 tim es 
g re a te r  than in  c e l ls  cu ltu red  from un trea ted  r a t s .
The in h ib ito ry  e f fe c t  o f AFB^  concen tra tion  on the inco rpora tion  
o f ^ - le u c in e  in  24 h r  cu ltu red  hepatocytes from un trea ted  and 
p re tre a te d  r a t s  was much more tim e-dependent. F ig. 6.19 shows th a t ,  
a t  an in term ediate  incubation  time o f 4 h r, p re tre a tin g  r a t s  with 
phenobarbitone, 3-MG and AFB^  feeding re su lte d  in  only a small 
d iffe ren ce  in  the in h ib ito ry  e f fe c t  o f AFB^  concen tra tion  on the 
inco rpo ra tion  of ^H-leucine compared to  th a t  in  c u ltu re s  from r a t s  
w ith no p retreatm en t. Consequently the  estim ated ED^q values, shown 
in  ta b le  6 .1 , d id  not d i f f e r  g re a tly  and the decreasing o rder o f 
s u s c e p tib i l i ty  was: u n trea ted  >  AFB^  ^ fed >  phenobarbitone >  3-MG,
although the ED^q values fo r  the p retreatm en ts  were very s im ila r .
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CHAPTER 7
EFFECT OF AFLATOXIN ON DEOXYRIBONUCLEIC 
ACID, RIBONUCLEIC ACID AND PROTEIN SYNTHESES 
IN A LIVER-DERIVED CELL LINE
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7.1 INTRODUCTION
As mentioned in  chap ter 6, sev era l workers have rep o rted  the 
e f fe c ts  o f AFB^  on DNA, RNA and p ro te in  syntheses in  d iv id ing  c e l l  
l in e s  of various o rig in s . In order to  compare the mechanism of 
ac tio n  of AFB^  in  non-dividing l iv e r  c e l l s  possessing m etabolising 
capacity  w ith th a t  in  d iv id ing  c e l l s  having lim ited  or no 
m etabolising capacity , the e f fe c t  of AFB^  on DNA, RNA and p ro te in  
syntheses was in v es tig a te d  in  a l iv e r-d e r iv e d  c e l l  l in e ,  BL8L.
These biochemical processes were evaluated by measuring the 
inco rpora tion  of ^H-thymidine (0 .5  yCi ml ^ ), ^H -uridine (1.0 ^Ci ml 
and % -leu c in e  (0.25 uCi ml“^) as an index o f DNA, RNA and p ro te in  
syn thesis  re sp ec tiv e ly . BL8L c e l ls  were subcultured in to  m u ltip la te  
w ells a t  a den sity  which d id  not r e s t r i c t  the r a te  of d iv is io n  of 
the c e l ls ,  thus allow ing fre e  incorporation  of the DNA precu rso r. 
Twenty-four h r l a t e r  the medium was changed and the c e l l s  were 
tre a te d  with various concen tra tions o f AFB^  (O.01-1.0 jig AFB^  ml fo r
3, 24 and 48 h r. F o rty -fiv e  min before term ination  o f the incubation 
period , the rad io la b e lle d  p recursor was added. The methods used fo r  
measuring the inco rpo ra tion  of these p recu rso rs  were as described  in  
chapter 2 .6 (b ). R esults were expressed as ac id -in so lu b le  dpm pg 
p ro te in"^  (% TG co n tro l)  or formal s a lin e -f ix e d  r a t io
4 Al
(% PC c o n tro l) , the p ro te in  being p re la b e lle d  with G -leucine,
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7.2 EFFECT OF AFB^  CONCENTRATION ON THE INCORPORATION OF
3H-THYMIDINE BY BL8L CELL LINE
Fig. 7.1 shows the dose-response re la tio n sh ip  between AFB^  
concen tra tion  and incorporation  o f H-thymidine a t  3, 24 and 48 h r 
incubation . Incubation with AFB^  fo r  3 h r had no s ig n if ic a n t e f fe c t  
on inco rpo ra tion  o f ^H-thymidine a t  any concen tra tion , although 
v a r ia tio n  in  response was q u ite  la rg e . However, a t  24 and 48 h r
3
incorporation  of H-thymidine was in h ib ite d . At 0.01 jig AFB^  ml ,
1nh1b1t1on wan not s ig n if ic a n t  a t  both times, but with increasing
AFB^  concen tra tion  the ex ten t o f in h ib it io n  became g re a te r . Thus,
-1 3a t  1.0 jig AFB^  ml" , inco rporation  of H-thymidine was in h ib ite d  by
90. 5% (+ 1.1%) and 92 . 3% (+ 2.1%) a t  24 and 48 h r re sp e c tiv e ly  ( f i g .7 .1)
The cy to tox ic  ac tio n  of AFB^  and i t s  e f fe c t  on the growth r a te  o f
these c e l l s  i s  d iscussed  in  chap ter 8.
7 .3 EFFECT OF AFB^  CONCENTRATION ON THE INCORPORATION OF %-URIDINE 
BY BL8L CELL LINE
In c o n tra s t to the r e s u l ts  found with ^H-thymidine inco rpora tion , 
AFB^  had no s ig n if ic a n t e f fe c t  on inco rpo ra tion  of ^ - u r id in e  by 3 h r 
a t  a l l  concen tra tions and by 24 and 48 h r a t  concen tra tions up to 
0.25  yg AFB^  ml"^ ( f ig .  7 . 2) . At 1.0 jig AFB^  ml"^, inco rpora tion  of
the RNA precursor was in h ib ite d  by 45.8% (+ 4.7%) and 67 . 6% (+ 5.2%) 
a t  24 and 48 h r re sp e c tiv e ly  ( f ig . 7 .2 ) . Actinomycin D (0.5^M ) 
caused in h ib it io n  between 54.7% and 86 .8%, which was g re a te r  than the 
in h ib itio n  caused by the h ig h est concen tra tion  o f AFBj^  (3.2  jiM) used.
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7 .4  EFFECT OF AFB^  CONCENTRATION ON THE INCORPORATION OF
3'H-LEUCINE BY BL8L CELL LINE
At 3, 24 and 48 h r  incubations with AFB ,^ inco rpo ra tion  o f 
^H-leucine was only s ig n if ic a n tly  in h ib ite d  by 1.0 ^g AFB^  ml .
At these 3 incubation  tim es, 1.0 yg AFB^  ml“  ^ caused 24.8^ (+ 7.5%)» 
29. 7% (+ 6.8^) and 48.8% (+ 5.4%) in h ib itio n  re sp ec tiv e ly  ( f ig .  7.3) 
Incubation with 1 cycloheximide re su lte d  in  in h ib itio n  between 
73, 5^ and 85 .8%, which was much g re a te r  than the in h ib itio n  caused 
by 3.2  juM AFB^.
7.5  INVESTIGATION INTO METABOLISM OF AFB^  BY BL8L CELL LINE
BL8L c e l l s  were incubated with AFB^  fo r  3 h r, as described  fo r  
fre sh ly  iso la te d  hepatocytes, and samples were analysed by HPLC, 
in  order to in v e s tig a te  the AFB^  m etabolising capacity  o f these 
c e l l s .  No evidence o f AFB^  metabolism by the c e l l s  o f th i s  l iv e r -  
derived c e l l  l in e  was found.
7.6  SUMMARY
3
AFB^  caused no s ig n if ic a n t in h ib it io n  o f H-thymidine in co rpo ra tion  
by 3 h r incubation , but by 24 and 48 h r an increasing  degree of 
in h ib itio n  occurred a t  concen tra tions g re a te r  than 0.025 pg AFB^  ml , 
and in h ib it io n  was not dependent upon time a f te r  24 h r . In h ib itio n  
was g re a te r  than 90% a t  the h ig h est concen tra tion  of 1.0 jig AFB^  
ml ^ . AFB^  had n e g lig ib le  e f fe c t  on ^H -uridine and ^H-leucine 
inco rpo ra tion  by 3 h r  incubation . However, in  c o n tra s t to the observed
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3e f fe c t  o f AFB^  on H-thymidine inco rpo ra tion , AFB^  caused only 
moderate in h ib itio n  o f ^H-uridine incorporation  by 24 and 48 h r 
a t  concen tra tions g re a te r  than 0.25 ^  AFB^  ml , and in h ib itio n
3
of H -leucine was only achieved a t  1,0 yg AFB^  ml
Thus, the major b io lo g ica l le s io n  caused by AFB^  in  BL8L
3
c e l l s  was the in h ib it io n  o f inco rpora tion  o f H-thymidine a f te r  
24 h r treatm ent w ith the compound.
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CHAPTER 8
CYTOTOXIC EFFECT OF AFLATOXIN ON FRESHLY ISOLATED 
AND 24 HR CULTURED HEPATOCYTES FROM UNTREATED AND IN VIVO 
PRETREATED RATS, AND ON A LIVER-DERIVED CELL LINE
213
8.1 INTRODUCTION
The c y to to x ic ity  o f AFB^  to  f re sh ly  iso la te d  and 24 hr 
cu ltu red  hepatocytes from un trea ted  and r a t s  p re tre a te d  ^  v ivo , 
and to the liv e r-d e r iv e d  c e l l  l in e ,  BLBL, was examined. As 
d iscussed  in  chap ter 2 .6 (c ) , estim ation  o f c y to to x ic ity  in  non­
d iv id ing  c e l l s  was evaluated su b jec tiv e ly  using morphological 
c r i t e r i a  of v ia b i l i ty ,  and a graded sca le  of v ia b i l i ty  was assigned 
to the c e l l s  based on su b jec tiv e  assessm ent, from 'O’ (lOO^ dead 
c e l ls )  to  '5 ' (appearance o f c e l ls  same as th a t  o f c e l l s  tre a te d  
with propylene g lyco l o n ly ) . Freshly iso la te d  and 24 h r cu ltu red  
hepatocytes were incubated with 6 concen tra tions o f AFB^  (O.01-0,5  
yg ml ^ ) fo r  1, 2, 4, 6 and 8 h r, these concen tra tions and incubation  
tim es being id e n tic a l  with those used in  the s tu d ie s  in v e s tig a tin g  
the e f fe c t  o f AFB^  on RNA and p ro te in  syntheses.
BL8L c e l l s  were subcultured in to  m u ltip la te  w ells  and the 
follow ing day incubated with the same AFB^  concen tra tions fo r  3, 24 and 
48 h r, but in  these c e l l s  the cy to tox ic  e f fe c t  o f AFB^  was a lso  
examined a t  h igher concen tra tions and prolonged incubation  tim es.
Also, the cy to tox ic  e f fe c t  of AFB^  on the non-dividing
c e l l s  was estim ated by the trypan blue dye exclusion method, as
described in  chap ter 2 .6 (c ) . In these experim ents, f re sh ly  iso la te d
hepatocytes and hepatocytes cu ltu red  fo r  24 h r were incubated with
-1fewer concen tra tions (O.Ol, 0.05, 0.1 and 0 .5  Jig AFB^  ml” ) fo r  2, 4 
and 6 h r.
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8 .2  VISUAL OBSERVATIONS
(a) Freshly Isolated Hepatocytes
AFB^  a t  a l l  concen tra tions had no observed e f fe c t  on the
morphological appearance o f f re sh ly  iso la te d  hepatocytes, from co n tro l
and p re tre a te d  r a t s ,  incubated fo r  1 and 2 h r . By 2 h r, the c e l l s
s t i l l  appeared very rounded with w ell-defined  p e rip h e rie s  when
viewed under a l ig h t  microscope f i t t e d  with phase c o n tra s t o p tic s .
Toxic e f fe c ts  on the morphological appearance of c e l ls  involve
decreased f la t te n in g  and increased  rounding, re su ltin g  in  detachment.
Since th is  i s  e s s e n tia l ly  a re v e rsa l of the normal attachm ent process,
i t  was d i f f i c u l t  to  a ssess  the to x ic  process in  c e l ls  which had not
y e t completed the attachm ent p ro c e s s ,i .e .  le s s  than 4 h r a f t e r
incubation . Photographs o f fre sh ly  iso la te d  hepatocytes tre a te d
-1with O.Ol, 0.05 and 0 .5  AFB^  ml fo r  8 h r are  presen ted  in  the 
app ropria te  sec tio n s . Photographs fo r  th is  incubation time were 
se lec ted  fo r  p resen ta tio n  because by th is  time the co n tro l c e l l s  had 
s ta r te d  to form monolayers of f la tte n e d  c e l l s  and, thus, an e f fe c t  
of AFB^  on the c e l l  morphology could be seen more c le a r ly . The 
morphological appearance o f c e l l s  rece iv in g  PG alone was always 
id e n tic a l  to th a t  o f c e l ls  rece iv in g  no trea tm en t.
( i)  Control Rats
By 4 h r, the PG tre a te d  c e l l s  had s ta r te d  to  f la t t e n  and adhere 
to the substratum . At a concen tration  o f 0.05 }^ g AFB^  ml”  ^ and 
g re a te r , the c e l ls  s t i l l  appeared rounded compared to the PG tre a te d  
c e l ls .  By 6 h r the co n tro l c e l l s  were le s s  sp h erica l than a t  4 h r 
and the c e l l s  tre a te d  with the low est concen tration  of AFB^  had the 
same appearance. However, with in creasin g  AFB^  concen tra tions.
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increasing  numbers of c e l l s  were le s s  f la tte n e d  and more r e t r a c t i l e , 
so th a t  a t  0 .5  jig AFB^  ml”  ^ th ere  were very few c e l l s  which were not 
sp h erica l ( ta b le  8 .1 ) .  By 8 h r, the m ajority  of the PG tre a te d  
hepatocytes were alm ost com pletely f la tte n e d  with w ell-defined  
n u c le i, bu t AFB^  ^ tre a te d  c e l l s  were sp h erica l and r e t r a c t i l e  in  
in creasin g  numbers as AFB^  concen tra tion  increased  ( ta b le  8 .1 ) .
P la te  8.1 shows hepatocytes incubated fo r  8 h r with 3 concen tra tions 
of AFB ,^ or PG only.
( i i )  Phenobarbitone P re trea ted  Rats
At 4 h r incubation  with AFB^  the c e l l s  appeared s l ig h tly
rounder compared to  PG tre a te d  hepatocytes, a t  0.1 jig AFB^  ml” and
g re a te r  concen tra tions. By 6 and 8 h r, a t  0.01 and 0.025 AFB^  ml ^
the c e l ls  looked s im ila r  to the PG co n tro l c e l ls ,  in  c o n tra s t to  the
s itu a tio n  with c e l l s  from un trea ted  r a t s  ( ta b le  8 .1 ) . However, a t
-1a concentration  of 0.05 pg AFB^  ml and g re a te r , c e l ls  from 
phenobarbitone p re tre a te d  r a t s  were much more sp h erica l and r e t r a c t i l e  
compared to  PG tre a te d  hepatocytes. The number of a ffe c ted  c e l l s  
increased  with in creasin g  AFBj^  concen tra tion , a s im ila r  s itu a tio n  
as w ith c e l l s  from un trea ted  r a t s .  P la te  8 .2  shows hepatocytes 
from phenobarbitone p re tre a te d  r a t s  incubated fo r  8 h r  with AFB^.
( i i i )  3-M ethylcholanthrene P re trea ted  Rats
The morphological appearance o f f re sh ly  iso la te d  hepatocytes 
from 3-MG p re tre a te d  r a t s ,  in  response to  various concen tra tions of 
AFB^  incubated fo r  1, 2, 4, 6 and 8 h r , was alm ost id e n tic a l  with 
th a t  in  fre sh ly  iso la te d  hepatocytes from r a t s  p re tre a te d  with
phenobarbitone ( ta b le  8 .1 ) .  Thus, a t  concen tra tions up to  0.025 pg 
AFB^  ml~^, the c e l ls  appeared very s im ila r  to the PG tre a te d  c e l l s  
a t  4, 6 and 8 h r, whereas with in creasin g  incubation  time and
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in creasin g  AFB^  concen tra tion , p ro g ressiv e ly  fewer hepatocytes 
became f la tte n e d , many remaining sp h erica l and r e t r a c t i l e .
Photographs o f hepatocytes, from 3-MG p re tre a te d  r a t s ,  tre a te d  with 
AFB^  are  shown in  p la te  8 .3 .
(iv) AFB^ Fed Rats
In c o n tra s t to c e l l s  from co n tro l, phenobarbitone and 3-MG 
p re tre a te d  r a t s ,  hepatocytes from AFB^  fed r a t s  tre a te d  with the 
various concen tra tions of AFB^  had very s im ila r  appearance to  PG 
tre a te d  c e l ls  ( ta b le  8 .1 ) .  Only a t  the h ig h est AFB^  concen tra tions 
a t  4 and 6 h r, and a t  concen tra tions g re a te r  than 0.025 yg AFB^j ml 
a t  8 h r d id  the c e l l s  d i f f e r  s l ig h t ly  in  appearance from the PG co n tro l 
c e l l s ,  but even a t  these  concen tra tions and times only a few c e l l s  
were s t i l l  completely sp h e rica l. P la te  8 .4  shows the appearance 
o f hepatocytes from AFB^  fed r a t s  incubated with PG and AFB^  
concen tra tions fo r  8 h r .
(b) 24 h r Gultured Hepatocytes
Twenty-four h r cu ltu red  hepatocytes iso la te d  from co n tro l and
p re tre a te d  r a t s  a f t e r  ad d itio n  o f each concen tra tion  o f AFB^  fo r  1
and 2 h r had the same appearance when viewed under the microscope
as c e l l s  tre a te d  w ith PG only. Photographs of 24 h r cu ltu red
-1hepatocytes incubated with O.Ol, 0.05 a-nd 0 .5  ug AFB^  ml fo r  4 h r 
are  presen ted . This incubation  time was se lec ted  because by th is  
time very d e f in ite  morphological changes, as a r e s u l t  o f the AFB^  
trea tm en t, can be seen. Also, th i s  time p o in t was the same as th a t  
chosen in  chapter 6 in  which the  e f fe c ts  of the d if f e re n t  
p re treatm en ts  to r a t s  on the dose-response re la tio n sh ip  between AFB^  
and RNA and p ro te in  syntheses were compared.
uX
CO
u
cS
220
X
-p
•H
X0
X
I
o
c:
M
W
-P
g
X0
Xo30
g0
fi
0a
0
p
$
§
rH
O
X
0  
rH 
>: 
X X 
0
1
CA
e
p44
W
0X
>:ÜOXdP
0X
X
0XcdX
o
0
M
>;
X
00
6
(A
g
O
P
X
p
o
o
00 cd
0
X
d
X
S-' »i a;
#  ;
%
i i ' m  fS3S.; ;f
t a  s
sr
&
vA
O
X
, « f
p
o
•H
X
d
Ü
•H
X
•H
§
g
0
X
o
Ü0
g
Ü
•H
g
X0
d
P
X
P
0
Ü
100
d
•&
P
0
X
X
0
;s
0
•H>
0
0
X
Ü
-3
d
X
0
X
" #.
221
pX
00
p
o4h
g
<
X
-P
•H
X0
•PdXd
üP
0X
dX
X
g
gc
g
g
00X
ü
dX0
X
X0
X
dX
o0
> -
X
X00
p
X
00
0
X
d
X
s
o
p
X
p
o
o
K
*
g
I
VA
O
X
O
%
4:
11
m m
p
o
X
X
d
o
•HX
*r4
P
g
0
X
0
ü0
P
ü
•H
-Pen
1
p
G
ü
I00
d
•R
P0
X
§
X0;s0
•H>
00
X
ü
d
X0
X
222
The dose-response o f 24 h r cu ltu red  hepatocytes, from 
un treated  and p re tre a te d  r a t s ,  to AFB^  was very s im ila r  to  th a t  
in  f re sh ly  iso la te d  hepatocytes, although the e f fe c t  was observed 
s l ig h tly  e a r l i e r  in  the cu ltu re s , possib ly  because the cu ltu red  
c e l ls  had already  formed monolayers and thus detachment o f the 
c e l ls  was more re a d ily  n o ticeab le .
( i)  Control Rats
Most o f the 24 h r cu ltu re s  o f hepatocytes, from co n tro l r a t s  
tre a te d  fo r  4 h r w ith PG alone m aintained monolayers o f f la tte n e d  
c e l ls  with w ell-defined  nucle i ex h ib itin g  c e l l  to c e l l  co n tac t, 
with ju s t  a few dead c e l ls  which were rounded and r e f r a c t i l e .  
Hepatocytes incubated with AFB^  showed in creasin g  signs o f cy to to x ic ity  
as the concen tra tion  o f AFB^  increased  ( ta b le  8 .2 , p la te  8 .5 ) , 
and p ro g ressiv e ly  g re a te r  numbers o f c e l ls  became rounded and 
detached from the substratum . As the incubation  time with AFB^  was 
prolonged to  6 and 8 h r, the numbers o f c e l l s  detached from the d ish  
increased , p a r t ic u la r ly  a t  the h igher concen tra tions o f AFBj^ . So, by 
8 h r, alm ost a l l  the c e l l s  incubated with 0 .5  yg AFB^  ml"^ were 
rounded, r e f r a c t i l e  and had detached from the substratum , o ften  in  
clumps ( ta b le  8 .2 ) . V ir tu a lly  100% of these c e l l s  were, th e re fo re , 
by the c r i t e r i a  app lied , considered to  be dead.
(ii) Phenobarbitone Pretreated Rats
In c o n s tra s t to  the e f fe c t  of AFBj^  concen tra tion  on 24 h r  cu ltu red  
hepatocytes from co n tro l r a t s ,  primary cu ltu red  c e l l s  from pheno- 
barb itone p re tre a te d  r a t s  incubated with 0.01 and 0.025 pg AFB^  ^ ml” 
fo r  periods up to 8 h r  had very s im ila r  appearance to PG tre a te d  
c e l ls  ( ta b le  8 .2 ) . However, w ith increasing  AFB^  concen tra tion  the 
c e l ls  became p ro g ressiv e ly  more sp h erica l and increasing  numbers
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detached from the substratum (table 8.2), Plate 8.6 shows the 
appearance of hepatocytes, from phenobarbitone pretreated rats, 
incubated with AFB^ for 4 hr.
(iii) 3-Methylcholanthrene Pretreated Rats
The response of 24 hr cultured hepatocytes from 3-MG pretreated 
rats to several concentrations of AFB^ incubated for various times, was 
very similar to the response shown by cultured cells from pheno­
barbitone pretreated rats (table 8.2). At lower AFB^ concentrations, 
the cells appeared morphologically very similar to PG treated cells, 
but detachment from the dish became more extensive as the concentration 
of AFB^, and incubation time, increased. Plate 8.? shows 24 hr 
cultured hepatocytes from 3-MG pretreated rats treated with AFB^ 
for 4 hr.
(iv) AFB^ Fed Rats
Contrary to the observed cytotoxic effect of AFB^ concentration on 
24 hr cultured hepatocytes from control, phenobarbitone and 3-MG 
pretreated rats, AFB^ had little effect on the morphological appearance
of cultured cells from AFB^ fed rats (table 8.2). Only by 6 hr at
1 - 1  
0.5 jig AFB^ ml" , and by 8 hr at 0.25 and 0.5 yg AFB^ ml , were
appreciably more cells rounded and detached compared to PG treated
cells. Plate 8.8 shows the appearance of 24 hr cultured hepatocytes
from rats fed a diet containing AFB^, incubated with AFB^ for 4 hr.
(c) BL8L Cell Line
BL8L cells incubated with various concentrations of AFB^ for 
3 hr appeared almost identical to PG treated cells. Only at 0.5 /ig 
AFB^ ml  ^ and higher concentrations were a few rounded (dead) cells 
observed. At this stage, many of the cells were beginning to divide
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since they were seeded at a density to allow division of the 
cells (table 8 .3 ) . The BL8L cell line does not exhibit 
much contact inhibition until approximately 90 hr in culture 
and thus, although a full monolayer (confluent) is formed, the 
cells will continue to divide albeit at a reduced rate, and the 
cells are quite compressed by this time. By 24 hr incubation with 
AFBjj , PG treated cells were almost confluent, and from 0 .01-0 .25  jJg 
AFB^ ml  ^ these cells were slightly less in number (spaces between 
patches of cells could be seen) but mitotic figures were still in 
evidence. At a concentration of 0 .5  >ig AFB^  ^ ml” and greater,
several dead cells were observed (table 8.3 and plate 8 .9 ) . At 48 hr,
the numbers of detached cells were greater with increasing concen­
trations of AFB^, but were only really obvious at concentrations 
greater than 0.05 AFB^ (table 8 .3 ) . By this time, there were 
fewer cells covering the dish compared to the PG treated cells which 
were quite confluent. At the higher concentrations of AFB^, some BL8L 
cells were becoming enlarged and vacuolated with a 'ghosting* 
appearance forming giant cells, whereas others appeared structurally 
disorganised, vacuolated and rounded, and very few mitotic figures 
were observed (plate 8 .1 0 ). Plates 8,11 and 8.12 show BL8L 
cells treated with 5.0 jog AFBj^  ml” , for 72 hr, and 1.0 and 5.0 pg 
AFB^ for 90 hr, and it can be seen that, compared to the respective 
PG treated control cells, the cells are enlarged and vacuolated with
no observed cell division in progress.
8.3 ESTIMATION OF VIABILITY USING TRYPAN BLUE EXCLUSION ASSAY
When trypan blue stain was added to freshly isolated hepatocytes.
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Table 8.3  Subjective Assessment of Cytotoxicity of AFB^ 
Concentration on BL8L Cell Line
AFB^  Concn (yig ml ) Incubation Time with AFB^  (hr)
3 24 48
PG con tro l 5 5 5
0.01 5 4 4
0f025 5 4 4
0.05 5 4 4
0.1 5 4 3-4
0.25 5 4 3
0.5 4 3-4 3
1.0 4 3 3
5.0 3-4 2-5 2
'O' - 100% dead c e l ls  (roundedo r e f r a c t i le )  
'5 ' - appearance o f PG tre a te d  c e l ls
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Plate 8.10. BL8L C ells Incubated with AFB^  for 48 hr
(a) PG Control
(b) 0 . 5 / g  AFBj_ ml
-1
Hepatocytes viewed under phase-contrast microscope (magnification x IjO)
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Plate 8.11 BL8L C ells Incubated with AFB^  for 72 hr
(a) PG Control
(b) 5.0 ys AFB^ ml-1
■fj-ii-'iO
f
Hepatocytes viewed under phase-contrast microscope (magnification x I50)
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Plate 8,11 BL8L C ells Incubated with AFB^  for 72 hr
(a) PG Control
1 y  '
I : - :
(b) 5.0 yg AFB^ ml
-1
Hepatocytes viewed under phase-contrast microscope (magnification x I 50)
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Plate 8.12 BL8L C ells Incubated with AFB^  for 90 hr
(a) PG tre a te d  co n tro l
I
(b) 1.0 ug AFB^  ml-1
(c) 5.0 jag AFB^  ml-1
Hepatocytes viewed under phase-contrast microscope (magnification x I 50)
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from un trea ted  r a t s  which had been incubated with various concen­
t r a t io n s  o f AFB^  fo r  2, 4 and 6 h r, i t  was found th a t  although i t  was 
not p o ssib le  to d e te c t a le th a l  e f fe c t  o f AFB^  on the c e l ls  by trypan 
blue p en e tra tio n , many c e l l s  tre a te d  with the h igher AFB^  concen­
tr a t io n s  appeared to have considerable i r r e g u la r i t ie s  (blebbing) 
of the c e l l  membrane, compared to  PG tre a te d  c e l ls  which had 
w ell-defined  p e rip h e rie s , which may rep re sen t a cy to tox ic  response 
(P h il l ip s  ^  , 1974; Thor and O rrenius, I 98O). However, these
ir r e g u la r  shaped c e l l s  appeared very r e f r a c t i l e  to the l ig h t  when 
viewed under a haemocytometer and d id  not appear to  be s ta in ed  blue 
under these cond itions. Although blebbing i s  no t in v a riab ly  asso c ia ted  
with c y to to x ic ity , in  th a t  blebbing i s  o ften  observed follow ing 
is o la t io n  o f the c e l l s ,  i t  was noted th a t  blebbing was accentuated 
in  c e l l s  which were tre a te d  with the h igher concen tra tions o f AFB^. 
Twenty-four h r cu ltu red  hepatocytes tre a te d  with AFB^  were viewed 
under the microscope, w h ils t s t i l l  adhered to  the substratum , a f t e r  
the ad d itio n  of trypan b lue. Under these  cond itions, the rounded 
and detached c e l l s ,  although normally appearing r e f r a c t i l e ,  were 
seen to  be s ta in ed  blue when a l te r in g  the condenser on the micro­
scope, in  c o n tra s t to the f la tte n e d  c e l l s  on the d ish  which appeared ■ 
l ig h t  in  colour a t  a l l  tim es. Thus, i t  was decided only to  estim ate 
the v ia b i l i ty  o f 24 h r cu ltu red  hepatocytes tre a te d  with AFB^  by 
the trypan blue exclusion assay, p a r t ic u la r ly  since previous d a ta  
in d ica ted  th a t  24 h r cu ltu red  hepatocytes d id  not respond d if f e re n t ly  
to  the cy to tox ic  e f fe c t  of AFB^j , from the corresponding fre sh ly  
iso la te d  hepatocytes.
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(a) Control Rats
As shown in  f ig .  8 .1 , the v ia b i l i ty  (percentage o f value found 
in  PG tre a te d  co n tro l)  o f 24 h r cu ltu red  hepatocytes from co n tro l 
r a t s  decreased w ith in creasin g  concen tration  o f AFB ,^ although a t  
2 and 4 h r  th i s  decrease was q u ite  sm all. Thus, a t  0 .5  AFB^  ml” , 
the v ia b i l i ty  was assessed  as 77%, 69% and 52% o f PG con tro l 
values, by 2, 4 and 6 h r re sp ec tiv e ly .
(b) Phenobarbitone P re trea ted  Rats
In c o n tra s t to  th a t  found with cu ltu red  c e l l s  from co n tro l r a t s ,  
the v ia b i l i ty  of 24 h r cu ltu red  hepatocytes from phenobarbitone 
p re tre a te d  r a t s  was not a ffec ted  by AFB^  concen tra tion  a t  2 h r.
However, by 4 and 6 h r , the  v ia b i l i ty  was unchanged a t  0.01 jig 
AFB^  ml”  ^ but had decreased to approximately 63% (of PG tre a te d  
co n tro l)  a t  0.1 jig AFB^  ml“^, and was approximately 58% a t  0 .5  Hg 
AFB^  ml”  ^ ( f ig . 8 . 2 ), by these tim es.
(c) 3-M ethylcholanthrene P re trea ted  Rats
The v ia b i l i ty  o f 24 h r cu ltu red  hepatocytes from 3-MG p re tre a te d
r a t s  was not s ig n if ic a n tly  a ffec te d  a t  the low est concen tra tion  of AFB^
a t  a l l  incubation tim es, and a t  0,05 a-nd 0.1 jig AFB^  ml by 2 h r .
V ia b ili ty  of the c e l l s  was p rog ressive ly  decreased with prolonged
•1
incubation , but p a r t ic u la r ly  a t  0 .5  Hg AFB^  ml”-" when v ia b i l i ty  was 
81%, 69% and 61% a t  2, 4 and 6 h r re sp ec tiv e ly  ( f ig . 8 . 3 ) .
(d) AFB^  Fed R ats
Fig. 8 .4  shows th a t  AFB^  concen tra tion  had no s ig n if ic a n t  e f f e c t  
on the v ia b i l i ty  o f 24 h r cu ltu red  hepatocytes from AFB^  fed r a t s
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by 2 and 4 h r . By 6 h r, the v ia b i l i ty  began to  decrease p rog ressive ly  
with in creasin g  AFB^  concen tra tion , but a t  0 .5  AFB^  ml the 
v ia b i l i ty  was s t i l l  70^ (of PG tre a te d  c e l l  v ia b i l i ty )  in  c o n tra s t 
to the 52^ v ia b i l i ty  o f 24 h r cu ltu red  c e l ls  from con tro l r a t s  a t  
th i s  concen tra tion  o f AFB^,
Fig. 8 .5  shows the e f fe c t  o f  the various p re treatm en ts on the 
v ia b i l i ty  of the corresponding 24 h r c u ltu re s  follow ing treatm ent 
w ith the various concen tra tions o f AFB^  fo r  4 h r, an in term ediate  
time p o in t.
8 .4  ESTIMATION OF GROWTH OF BL8L CELL LINE
The e f fe c t  o f AFB^  concen tra tion  on the growth o f BL8L c e l l
l in e  a t  3 Eind 24 h r incubation  with AFB^  was determined. The growth 
of BL8L c e l l s  was estim ated  by measuring the t o t a l  c e l lu la r  p ro te in  
per w ell which gave an in d ica tio n  o f c e l l  number. The population  
doubling r a te  was approximately 20 h r, and thus the growth o f AFB^  
tre a te d  c e l l s  was compared to th a t  of PG tre a te d  c e l l s  a t  each time 
p o in t.
Fig. 8 .6  shows th a t  over a 3 h r incubation  o f the c e l ls  with 
various concen tra tions o f AFB^, there  was no s ig n if ic a n t e f fe c t  on 
the growth of the c e l l s .  Treatment with the BL8L c e l l s  fo r  24 h r
with AFB^  re su lte d  in  s ig n if ic a n tly  decreased growth o f the  c e l l s
a t  the h igher AFB^  concen tra tions so th a t  the  c e l l  population s iz e  
was estim ated to  be approximately 68^ th a t  o f  the PG tre a te d  c e l l s .
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8 .5  SUMMARY
Freshly iso la te d  hepatocytes from co n tro l r a t s  began to show 
signs o f c y to to x ic ity  a t  0,05 Jig AFB^  ml  ^ follow ing 4 h r 
incubation . Increasing  numbers o f c e l l s  d isp layed  a cy to tox ic  
response with prolonged incubation and with h igher concen tra tions o f 
AFB^  so th a t  by 8 h r treatm ent with 0.5 Jig AFB^  ml" the m ajority  of 
the c e l l s  appeared dead. However, vivo p re treatm en t of the r a t s  
with phenobarbitone and 3-MG re su lte d  in  le s s  s u s c e p tib i l i ty  of 
the fre sh ly  iso la te d  c e l l s  to  the cy to tox ic  ac tio n  of AFB^  a t  the 
lower concen tra tions (O.Ol and 0.025 / g  AFB^  ml"^), although a t  the 
h igher AFB^  concen tra tions signs o f c y to to x ic ity  were as  marked as 
those in  c e l ls  from un trea ted  r a t s .  In  c o n tra s t , f re sh ly  iso la te d  
hepatocytes from AFB^  fed  r a t s  showed considerable re s is ta n c e  to 
the cy to tox ic  e f fe c ts  of AFB^  a t  a l l  concen tra tions compared to 
c e l ls  from co n tro l r a t s .
The cytotoxic response of the 24 hr cultured hepatocytes from 
untreated and pretreated rats to AFB^ was virtually the same as that 
of the corresponding freshly isolated hepatocytes.
Estimation of the effect of AFB^ on the viability of the 24 hr 
cultured hepatocytes from control and pretreated rats, as assessed 
by exclusion of trypan blue, gave the same pattern of dose-response 
relationship as did the subjective assessment of cytotoxicity for 
each respective culture. It is important to note that for each 
culture (i.e. from untreated and pretreated rats) the pattern of 
dose-response with respect to viability was very similar to the 
pattern of dose-response with respect to the effect of AFB^ on 
RNA and protein synthesis. Not unexpectedly, the actual degree of
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response (percentage decreased v ia b i l i ty  as assessed  by trypan 
blue) was not as g re a t a t  each AFB^  concen tra tion  and time po in t 
as the su b jec tiv e  assessm ent of the le v e l o f  cy to tox ic  response 
or the le v e l o f in h ib it io n  of the  biochemical p rocesses.
The BL8L c e l l  l in e  appeared to  be much more r e s i s ta n t  to 
the cy to tox ic  e f fe c ts  of AFB^  compared to  the non-dividing l iv e r  
c e l ls  from co n tro l r a t s .  These c e l l s  did no t show any signs of 
c y to to x ic ity  up to  0 .5  Jig AFB^  ml" a t  3 h r and only by 48 h r a t  
1 .0 -5 .0  Jig AFB^  ml"^ was to x ic ity  assessed  to a s im ila r  degree as 
shown by non-dividing hepatocytes. The main morphological cyto­
tox ic  e f fe c t  o f AFB^  in  th is  c e l l  l in e  was the development of 
enlarged c e l ls  probably as a consequence of a reduced r a te  o f c e l l  
d iv is io n .
Estim ation o f the growth of these c e l l s ,  by measuring p ro te in  
concen tra tion , showed th a t  th i s  was not a ffec ted  by AFB^  follow ing 
3 h r incubation , but was s ig n if ic a n tly  decreased compared with 
con tro l r a t s  a f t e r  24 h r incubation with AFB^  a t  the h igher 
concen tra tions. Although to ta l  c e l lu la r  p ro te in  per w ell was not 
measured follow ing prolonged treatm ent with AFBj^ , in  view o f the 
observations made o f these c e l ls  incubated with AFB^  ^ fo r  longer 
periods, i t  would be expected th a t  the growth o f the c e l l s  would 
fu r th e r  decrease compared to  PG only tre a te d  c e l l s .
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CHAPTER 9
EFFECT OF VARIOUS W  VIVO PRETREATMENTS ON THE
14MACROMOLECULAR BINDING OF C-AFLATOXIN B^
IN FRESHLY ISOLATED HEPATOCYTES
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9.1 INTRODUCTION
The macromolecular binding of AFB^ provides an index of its
activation. In vivo, phenobarbitone (Garner, 1975) and AFB^ feeding
(Neal, unpublished results) reduce the macromolecular binding of
AFB^, whereas in ^  vitro microsomal systems the binding of AFB^
is increased by phenobarbitone pretreatment (Gurtoo and Dave, 1975),
but binding is similar in microsomes from AFB^ fed rats compared to
control rats (Neal, personal communication).
In the AFB^ metabolism experiments performed with freshly isolated
hepatocytes (chapter 4 ), rad io la b e lle d  AFB^  was used and prelim inary
measurements were made on the radioactivity in the pellets obtained
14following extraction and removal of the metabolites of C-AFB^.
However, in these preliminary studies, non-covalently bound radio­
activity in the pellets was not exhaustively extracted and, thus, 
background levels were high, resulting in spurious values for macro- 
molecular-bound radioactivity.
This chapter presents results of experiments conducted to examine
solely the macromolecular binding (a composite of binding to DNA,
\ 14RNA and protein) of C-AFB^ in freshly isolated hepatocytes, and
the effect of phenobarbitone and 3-methylcholanthrene pretreatments
14and AFB^ feeding on the covalent binding of G-AFB^ in these cells.
In order to allow for errors due to possible variation in the amount
of labelled AFB^ used in different experiments and for variation in
14the responses of the rats, etc., the binding of G-AFB^ in cells
from untreated rats and rats which had received a particular
pretreatment was examined in the same experiment. The time course
14and concentration of C-AFB^ used were identical with those in the
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metabolism s tu d ie s  (chap ter 4 ) , i . e .  60 jig AFB^  contain ing  0.05 JiGi 
^^G-AFB  ^ incubated with l 6 x 10^ c e l ls  in  20 ml complete MME fo r  15, 
45 , 75 and 120 min, in  o rder to  make a d i r e c t  comparison o f the 
ex ten t o f a c tiv a tio n  with metabolism in  these  c e l l s .  R ad ioac tiv ity  
covalen tly  bound to  macromolecules, on the b a s is  o f exhaustive 
e x trac tio n , was determined according to  the  method described  in  
chap ter 2 . 6 (d ), and was expressed as dpm bound pg p ro te in  and dpm 
bound pg DNA ^ .
9 .2  EFFECT OF IN VIVO PRETREATMENT WITH PHENOBARBITONE ON THE
14MAGROMOLEGULAR BINDING OF G-AFB  ^ IN FRESHLY ISOLATED 
HEPATOCYTES
During the 2 h r incubation period , the macromolecular binding 
of ^^G-AFB  ^ in  fre sh ly  iso la te d  hepatocytes from un trea ted  r a t s  
increased  with time (see f ig s .  9 .1 , 9 .2  and 9 . 3) . At the concentra­
tio n  o f ^^G-AFB  ^ used, g re a te r  binding o f ^^G-AFB  ^ to macromolecules 
was observed in  f re sh ly  iso la te d  hepatocytes from phenobarbitone 
p re tre a te d  r a t s  compared to  c e l ls  from co n tro l r a t s  ( f ig .  9 .1 ) . 
However, towards the  end o f the incubation  period , the r a te  o f macro­
m olecular binding o f ^^G-AFB  ^ remained constan t in  c e l l s  iso la te d  
from phenobarbitone p re tre a te d  r a t s  whereas the r a te  o f binding in
c e l ls  from co n tro l r a t s  continued to in c rease , p a r t ic u la r ly  when
-1binding was expressed as dpm bound pg p ro te in  . The n o n - lin e a rity  of 
binding was probably due to the f a s te r  r a te  o f AFB^  metabolism by 
fre sh ly  iso la te d  c e l ls  from phenobarbitone p re tre a te d  r a t s  compared 
to th a t  by c e l l s  from con tro l r a t s ,  and thus su b s tra te  concen tra tion  
was lim itin g .
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14F ig , 9.1 Macromolecular Binding o f G~AFB^  in Freshly Isolated
Hepatocytes from U ntreated and Phenobarbitone P re trea ted  Rats
® U ntreated 
A Phenobarbitone
I.Oi
0.8-
•H
0.6
p < 0.02
0.4- p < 0,01
0.2-
120906030
90i
70-
p <  O.Ol
p <  0.001
P < O.Ol30
p < 0.0210-
12060 90
Incubation Time (min)
30
Values normalised (background le v e ls  deducted)
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P ro te in  was determined on the same sample as th a t  processed 
fo r  rad io ac tiv e  counting. However, these samples contained 
in s u f f ic ie n t  DNA fo r  accurate  determ ination . Therefore, DNA was 
measured in  samples from the o r ig in a l incubation  mixture (see chapter 
2 .6 (d)) although r a d io a c tiv ity  was not determined in  these samples. 
However, aggregation of c e l lu la r  m ate ria l o ften  occurred and th ere  
may have been g re a te r  v a r ia tio n  in  the amount o f m ate ria l p resen t 
in  the samples taken fo r  DNA determ ination . Thus, r e s u l ts  expressed 
as dpm bound ^g p ro te in   ^ probably rep re sen t more accurate  values. 
However, s ince th ere  are o ften  changes in  p ro te in  metabolism in  
f re sh ly  is o la te d  hepatocytes, and DNA conten t i s  normally considered 
to be constan t, r e s u l ts  were a lso  p resented  expressed as dpm bound 
jxg, DNA ^ .
9.3  EFFECT OF IN VIVO PRETREATMENT WITH 3-METHYLGHOLANTHRENE ON THE
14MACROMOLECULAR BINDING OF G-AFB  ^ IN FRESHLY ISOLATED HEPATOCYTES
Fig. 9.2  shows th a t  the p retreatm ent o f r a t s  with 3-MC increased
14the macromolecular binding o f C-AFB  ^ in  f re sh ly  iso la te d  hepatocytes 
compared to  c e l l s  from un trea ted  r a t s .  When binding was expressed 
as dpm bound ug p ro te in ” , the ra te  was i n i t i a l l y  h igher with the  
3-MC pretreatm ent, but then binding continued a t  the same r a te  as  in  
c e l ls  from co n tro l r a t s .  In th is  experiment the sp e c if ic  a c t iv i ty  
o f the binding, in  terms o f p ro te in  con ten t, was lower in  the co n tro l 
c e l l s  compared to those in  co n tro l c e l l s  in  the o th e r binding
experim ents, although the reason fo r  th i s  i s  unknown. When binding
-1was expressed as dpm bound DNA » the ra te  o f binding was h igher 
in  hepatocytes from 3-MC p re tre a te d  r a t s  throughout most o f the time
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F ig . 9 .2  Macromolecular Binding o f G-AFB  ^ in  Freshly Iso la te d  
Hepatocytes from Untreated and 3-M ethylcholanthrene
P re trea ted  Rats ® Untreated
A  3-Methyl­
cholanthrene
0.5-
•H
$
s
P4
^ Q 3 -
0 .1-
p < 0.01
9030
120i
100-
80“
60-
p <  0.01
40"
p <  O.Ol
2 0
p < 0.01
30 60 90 1
Incubation Time (min)
Values normalised (background le v e ls  deducted)
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course. Again, the binding expressed per p ro te in  con ten t probably 
gave a more v a lid  in d ica tio n  o f the binding because the p ro te in  
measurements were made on the same samples in  which r a d io a c tiv ity  
was determ ined, whereas DNA content was estim ated subsequently 
on the o r ig in a l incubation  m ixtures in  which r a d io a c tiv ity  was not 
determined,
9 .4  EFFECT OF CHRONIC IN VIVO PfiETREATMENT ON THE MACROMOLECULAR
BINDING OF ^^C-AFB  ^ IN FRESHLY ISOLATED HEPATOCYTES
14AFB^  feeding re su lte d  in  s lig h t ly  reduced binding o f C-AFB  ^
with approximately the same i n i t i a l  r a te  o f binding (O-l h r) to 
macromolecules in  fre sh ly  iso la te d  hepatocytes as in  c e l ls  from 
co n tro l r a t s .  However, between 1-2 h r , the r a te  o f binding was 
s ig n if ic a n tly  lower in  c e l l s  from AFBj^  fed r a t s ,  p a r t ic u la r ly  
when binding was expressed as dpm bound jig p ro te in ” ( f ig . 9 .3 ) .
9 .5  SUMMARY
14The covalent binding o f C-AFBj^  to  macro m olecules, a t  a 
concen tration  o f J y.g ml , in  fre sh ly  iso la te d  hepatocytes was 
increased  by phenobarbitone and 3-MC p re trea tm en ts , bu t was decreased, 
compared to binding in  c e l l s  from co n tro l r a t s ,  by AFB^  feeding, 
p a r t ic u la r ly  towards the end o f the incubation  period .
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Fig. 9-3 Macromolecular Binding of G-AFB^ in Freshly Isolated 
Hepatocytes from Untreated and AFB^ ^Fed Rats
© Untreated 
O AFB^ Fed
I.Ol
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Incubation Time (min)
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Values normalised (background le v e ls  deducted)
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CHAPTER 10
DISCUSSION
255
10.1 GENERAL CONSIDERATIONS
The aim o f th is  study i s  to  in v e s tig a te  the probable c o rre la tio n  
between the metabolism o f a f la to x in  (AFB^) and i t s  cy to tox ic  ac tio n . 
AFB^  i s  predom inantly m etabolised by the l i v e r  which i s  the primary 
ta rg e t organ fo r  the  to x ic  and carcinogenic e f fe c ts  o f AFB ,^ 
p a r t ic u la r ly  in  the r a t ,  a  r e la t iv e ly  s e n s itiv e  animal spec ies. 
Therefore, r a t  l iv e r  i s  obviously a good model fo r  examining the 
metabolism and to x ic ity  o f AFBj^ , Various d i f f i c u l t i e s  may be asso c ia ted  
with s tu d ie s  using whole anim als, including  problems with reg u la tio n  
o f dose and time o f exposure to the  compound, p o ssib le  in te rfe re n c e  by 
non-hepatic organs, and fa c to rs  such as s tr e s s  and o th e r environmental 
v a riab le s  which may in te r f e re  w ith the in te rp re ta tio n  o f d a ta . Many 
in  v i tro  s tu d ie s  o f h ep a tic  drug metabolism are  performed using 
su b c e llu la r  f ra c tio n s . However, th e re  a re  drawbacks to these  s tu d ie s  
which make them o f lim ite d  value in  p red ic tin g  both the  r a te s  o f 
metabolism and ra te - l im it in g  s tep s  in  the metabolism o f a drug 
in  v iv o . Thus, the uptake o f a drug by the  c e l l  cannot be assessed  
in  su b c e llu la r  f ra c tio n s ; the t o t a l  c e l lu la r  metabolism o f a drug 
cannot be a sce rta in ed  in  iso la te d  su b c e llu la r  f ra c tio n s  i f  th i s  
metabolism i s  c a rrie d  ou t in  d if f e r e n t  o rg an e lles; and t is s u e  homo­
g en isa tio n  may lead  to  changes due to the h y d ro ly tic  d es tru c tio n  of 
membrane components and co fac to rs  re su ltin g  from the l ib e ra tio n  
of lysosomal enzymes. Complex w hole-cell systems, i . e .  s l ic e s  and 
organ p erfusions, although providing an in te g ra te d  m etabolising 
system a lso  pose problems (mechanical damage in  the  case o f s l ic e s ,  
and various tech n ica l d i f f i c u l t i e s  asso c ia ted  w ith organ perfusions) 
which do no t a r is e  when using fre sh ly  iso la te d  c e l l s  o r c e l l s
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m aintained in  c u ltu re . The advantages o f using in ta c t  c e l l s  include 
fewer v a r ia b le s , e .g , hormone o r n u tr ie n t  le v e ls ,  and g re a te r  con tro l 
over dosing, concen tra tion  and time o f exposure o f the drug, longer 
incubation  periods and d ire c t  s tu d ie s  o f changes w ithin  the c e l l .  I t  
i s  now g en era lly  accepted th a t  drug metabolism s tu d ie s  using iso la te d  
and cu ltu red  hepatocytes c o rre la te  w ith vivo drug metabolism 
b e t te r  than do metabolism s tu d ie s  in  su b ce llu la r  f ra c tio n s  (B illin g s  
e t  a l , , 1977; Fry and Bridges, 1977; Fry and Bridges, 1979). This 
p resen t study has u t i l i s e d  f re sh ly  iso la te d  and primary cu ltu re d  r a t  
hepatocytes and, to a le s s e r  ex ten t, a r a t  l iv e r-d e r iv e d  c e l l  l in e  in  
in v e s tig a tio n s  in to  the metabolism and c y to to x ic ity  o f AFB ,^
There are, however, a number of difficulties presented by 
isolated cell systems, such as DNA loss and reduction of metabolising 
capacity which are referred to below.
An in c id e n ta l find ing  o f considerable in te r e s t  was noted when 
the DNA con ten t o f  hepatocytes was measured during a prelim inary  
in v e s tig a tio n  performed to  f in d  a b a s is  fo r  the  su ita b le  q u a n tita tio n  
of cytochrome in  the c e l l s .  The average DNA conten t p er v iab le
c e l l  in  24 h r  cu ltu red  hepatocytes appeared to decrease by approxim ately 
o n e -th ird  o f th a t  in  f re sh ly  iso la te d  hepatocytes from co n tro l r a t s ,  
(This apparent decrease was a lso  noted in  c e l l s  from phenobarbitone 
p re tre a te d  r a t s ,  with a s l ig h t  decrease in  DNA content in  c e l l s
from 3-m ethylcholanthrene (3-MC) p re tre a te d  r a t s ,  but no decrease 
was observed in  c e l ls  from AFB^  fed r a t s  although in s u f f ic ie n t  da ta  
was obtained  fo r  hepatocytes prepared from r a t s  rece iv ing  th e  in  
vivo pre treatm en ts to make any d e f in ite  conclusions.) A p o ssib le  
explanation fo r  th is  phenomenon o f lower average DNA le v e ls  p er c e l l  
in  cu ltu red  hepatocytes may be th a t  d ip lo id  c e l l s  have a h igher
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p la tin g  e ff ic ie n c y  than c e l l s  o f h igher p lo idy , thus re su ltin g  in  
apparent decrease o f average DNA con ten t per c e l l .  In th is  con tex t 
i t  may be re le v a n t th a t  the  c e l l s  o f the liv e r-d e r iv e d  c e l l  l in e ,
BL8L, are  predominantly d ip lo id s  (Neal, Watson and Legg, personal 
communication). P re fe re n tia l  s e le c tio n  o f p a r t ic u la r  c e l l  
populations may occur w ith d if fe r in g  m etabolising a b i l i t i e s  and 
d if fe r in g  responses to drug trea tm en t. I f  the proposed explanation  
i s  c o rre c t, i t  would rep re sen t a p o te n tia lly  se rio u s  problem fo r  the 
e x trap o la tio n  o f in  v i tro  toxicology experim ents to  the  in  vivo 
s itu a tio n , and thus re q u ire s  fu r th e r  in v e s tig a tio n .
10.2 MIXED FUNCTION OXIDASES
Fig. 10.1 shows a scheme proposed fo r  the o v e ra ll metabolism 
of AFB^  in  r a t  hepatocytes and the involvement o f the various m etabolising 
enzymes. Since AFB^  i s  m etabolised mainly by the inducib le  NADPH- 
-dependent mixed function  oxidases o f the l iv e r  (see review, Campbell 
and Hayes, 1976) o f which an e s s e n tia l  component i s  the term inal 
e lec tro n  accep tor cytochrome the content o f th i s  haemoprotein
in  the various c e l l  systems used was measured. The cytochrome P^ ^^  ^
contents were c o rre la te d  with the  c a p a c itie s  o f these c e l l s  to 
m etabolise AFB^. Also, the c o rre la tio n  between inductions o f cyto­
chrome P^^Q in  vivo (by phenobarbitone and 3-MC) and the cytochromes 
p resen t in  iso la te d  and cu ltu red  c e l l s  was determ ined.
The cytochrome Pj^^  ^ content (expressed e i th e r  as pmole Pj^^q 
10^ c e l l s '^  o r pmole P^^^ jig p ro te in "^ ) o f hepatocytes from co n tro l 
male F ischer r a t s  decreased to 20-30^ o f the  i n i t i a l  le v e l when the 
c e l l s  were cu ltu red  fo r  24 h r (see ta b le  3.3)» with a fu r th e r  decrease 
when cu ltu red  fo r  48 h r . This i s  in  agreement w ith o th e r workers
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Fig. 10.1 Scheme o f Possible AFB^  Metabolism in  Hepatocytes
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(B isse ll  and Guzelian, 1975; Paine and Legg, 1978) who repo rted  th is  
phenomenon in  cu ltu red  hepatocytes from Sprague-Dawley and Porton 
s t r a in  W istar r a t s .  Although Gold and Widnell (1975) reported  
lower le v e ls  o f  h epatic  cytochrome P^^q in  F ischer r a t s  than 
Sprague-Dawley r a t s  (these  workers used fa s te d  r a t s ) ,  during the  
course of th i s  study the le v e l o f  th i s  haemoprotein has co n s is te n tly  
been h igher in  the MRG F344/Ti F ischer s tr a in  than the le v e ls  in  
Porton and Sprague-Dawley s tr a in s .  I t  i s  o f in te r e s t  th a t ,  although 
the  cytochrome Pj^ ^q con ten t o f  hepatocytes iso la te d  from co n tro l 
F ischer r a t s  i s  h igher than  th a t  o f hepatocytes iso la te d  from o th e r 
s tr a in s ,  a s im ila r  percentage decrease during cu ltu rin g  was found. 
S im ilarly , the percentage decrease in  cytochrome P^^^ con ten t of 
cu ltu red  hepatocytes prepared from phenobarbitone and 3-MG p re tre a te d  
r a t s  was v i r tu a l ly  id e n tic a l  even though the  i n i t i a l  cytochrome Pj^^  ^
le v e ls  were induced in  the fre sh ly  iso la te d  hepatocytes prepared from 
these p re tre a te d  r a t s  (See ta b le  3 .5 ) . This phenomenon obviously has 
in te re s tin g  im p lica tio n s fo r  the degrading mechanisms and re q u ire s  
fu r th e r  in v e s tig a tio n  since these r e s u l t s  would in d ic a te  th a t  the 
in h eren t and induced forms o f cytochrome P^ ^^ q a re  a l l  equally  as 
l a b i l e .
From ta b le  3 .4  i t  can be seen th a t  the two inducers o f cytochrome 
phenobarbitone and 3-MG, s ig n if ic a n tly  increased  the to t a l  
concen tration  o f cytochrome P^^^ in  both f re sh ly  iso la te d  and 24 h r 
cu ltu red  hepatocytes prepared from r a t s  which had received  in  vivo 
p readm in istra tion  o f these compounds. The p ro te in  band p a tte rn s  
formed by SDS-polyacrylamide gel e lec tro p h o res is  in d ica ted  th a t  
phenobarbitone and 3-MG pretreatm en ts in  vivo induced d if f e r e n t  
microsomal p ro te in  bands in  the corresponding fre sh ly  iso la te d
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hepatocytes (p la te  3 .1 ) c o n s is ten t w ith rep o rted  c h a ra c te r is t ic s  fo r  
cytochrome and cytochrome P ^ ^  re sp e c tiv e ly  in  iso la te d  l iv e r
microsomes (Sharma e t  a l . , 1979) and th i s  was fu r th e r  supported by 
the d if f e r e n t  absorp tion  maxima obtained  fo r  the GO-difference sp ec tra  
o f cytochrome P^^q in  c e l l s  from phenobarbitone and 3-MG p re tre a te d  
r a t s  ( f ig .  3 . 3a ). In c o n tra s t, ta b le  3 .4  shows th a t  AFB^  feeding to  
r a t s  d id  no t s ig n if ic a n tly  a f fe c t  the  to t a l  i n i t i a l  cytochrome Pj^^q 
conten t o f hepatocytes ( in  agreement w ith r e s u l t s  found fo r  in  vivo 
hepatic  cytochrome P^ ^^ q follow ing AFB^  feeding (Neal, personal 
communication)), thus suggesting th a t  AFB^  does no t induce cytochrome 
P^^Q. In ad d itio n , the microsomal p ro te in  band p a tte rn s  formed by 
SDS-polyacrylamide ge l e lec tro p h o res is  and the GO-difference sp ec tra  
absorp tion  maximum of cytochrome P^^q in  f re sh ly  iso la te d  hepatocytes 
from r a t s  fed  the d ie t  o f AFB^  d id  no t appear to  d i f f e r  from those in  
c e l l s  iso la te d  from co n tro l r a t s .  Other workers have repo rted  th a t  
AFB^  (given in  low doses (25 ^  by g a s tr ic  in tu b a tio n ) d a ily  fo r  
5 days) induced aminopyrene demethylase and p -n itro a n iso le  demethylase 
lev e ls , bu t decreased benzo(a)pyrene hydroxylase le v e ls  (mixed function  
ox idase-linked  enzymes) in  r a t  l i v e r  (Rogers and Newberne, I9 7 la ) .  
However, the r e s u l t s  from th is  study do no t suggest th a t  chronic AFB^  
dosing in  vivo has any inducing capacity  in  hepatocytes w ith re sp e c t 
to  cytochrome P^^^ con ten t and type. The e f f e c t  o f the inducers and 
chronic AFB^  in g estio n  on metabolism o f AFBj^  in  c e l l s  i s  d iscussed  
l a t e r .
Prelim inary  in v e s tig a tio n  in to  the m ultip le  forms o f cytochrome 
p e x is tin g  in  the  24 h r  cu ltu red  hepatocytes (which con tain  lower
450
to ta l  le v e ls  o f the haemoprotein than fre sh ly  iso la te d  hepatocytes) 
from co n tro l r a t s  and r a t s  rece iv in g  th e  various p re treatm en ts
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in  v ivo , was made by comparison o f the d if f e r e n t  SDS-polyacrylamide 
g e l e le c tro p h o re tic  microsomal band p a tte rn s  and comparison o f the 
absorp tion  maxima o f the GO-difference sp ec tra . The p ro te in  bands 
o f the microsomes from the cu ltu red  c e l l s  were ra th e r  f a in t  ( f i g .3 .2 ), 
presumably p a r t ly  due to the lower le v e ls  o f  the cytochrome in
the c u ltu re s  and p a r t ly  due to  in s u f f ic ie n t  loading o f p ro te in  onto 
the g e l. N evertheless, i t  would appear th a t  the r e la t iv e  in ten ­
s i t i e s  o f the bands observed in  the f ra c tio n s  o f the 24 h r  cu ltu red  
c e l l s  had changed when compared with the p a tte rn s  seen with fre sh ly  
iso la te d  c e l l  f ra c tio n s . This change was p a r t ic u la r ly  ev iden t in  the 
case o f c e l l s  prepared from phenobarbitone p re tre a te d  r a t s .  The 
p a tte rn s  from a l l  the c u ltu re s  more c lo se ly  resembled the  c h a ra c te r i­
s t i c s  o f the f re sh ly  iso la te d  hepatocytes from the 3-MG p re tre a te d  
r a t s  r a th e r  than the co n tro l and phenobarbitone p re tre a te d  r a t s .
This change towards the 3-MG inducib le  type p ro te in  band p a tte rn  
was supported by the GO-difference sp e c tra l  d a ta . These da ta  showed 
th a t  the d iffe ren ce  seen between the absorp tion  maxima o f cytochrome 
p. in  homogenates o f f re sh ly  iso la te d  hepatocytes from phenobarbitone
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and 3-MG p re tre a te d  r a t s  was no t observed when c e l l s  were cu ltu red  
fo r  24 h r and th a t  the c e l l  c u ltu re s  assumed the sp e c tra l 
c h a ra c te r is t ic s  o f the 3-MG p re tre a te d  c e l l s .  Furthermore, the 
r e s u l t s  from th is  study would lend support to the suggestion th a t  
some c h a ra c te r is t ic s  o f the cytochrome p resen t in  primary
cu ltu red  hepatocytes are very s im ila r  to  those of cytochrome P ^ ,  
and th a t  cytochrome P ^  (the 3-MG inducib le  haemoprotein) may be 
more s ta b le  in  c u ltu re s  than cytochrome P^^g (the phenobarbitone 
inducib le  haem oprotein). However, the r e s u l t  found th a t  the  same 
percentage decrease in  cytochrome P^^q occurs on cu ltu rin g , ir re s p e c tiv e
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o f the i n i t i a l  le v e l (induced o r not), would suggest th a t  p o ssib ly  
a mechanism concerned with the maintenance o f cytochrome in
the cu ltu red  c e l l s  p lays an im portant ro le  and th a t  the mechanism 
involved in  the maintenance o f cytochrome i s  more s ta b le  than
th a t  of cytochrome Dickins and Peterson (ipSO) suggested
th a t  hepatocytes (from co n tro l r a t s )  cu ltu red  with AB medium (a 
s te ro id  hormone-supplemented medium a lso  containing the haem 
p recu rso r, «^am inolaevulin ic acid) had enhanced cytochrome 
le v e ls  (compared to  hepatocytes cu ltu red  in  a medium not con tain ing  
th e  various supplements) with c a ta ly t ic  p ro p e rtie s  more s im ila r  to 
cytochrome Pj^;^ than 'norm al' cytochrome P/^^q. Fahl and co-workers 
(1979) examined the cytochrome P^^q conten t of 10-day o ld  c u ltu re s  
tre a te d  d ir e c t ly  with phenobarbitone and 3-MG, and found th a t  the 
cytochrome P/^^q had c a ta ly t ic  p ro p e rtie s  more c h a ra c te r is t ic  o f 
cytochrome P443 ("based on metabolism o f benzo (a)py rene), although 
the  c e l ls  t re a te d  with phenobarbitone did no t appear to show an 
increase  in  cytochrome P ^ ^ - l ik e  p ro te in  (based on SDS-polyacrylamide 
ge l e le c tro p h o re s is ) . These workers suggested th a t  possib ly  a d if f e r e n t  
form o f cytochrome may e x is t  in  cu ltu red  hepatocytes which i s
normally dominated by o th e r forms in  the l iv e r .  Yet another form
of cytochrome Pj^ ^Q has been reported  in  neonate r a t s  and Fahl
e t  a l . (1979) proposed th a t  cytochrome Pj^^  ^ in  neonates and in
cu ltu red  hepatocytes may r e f l e c t  a hormonally d e f ic ie n t  s ta te .  Levin 
and Kuntzman ( I969) showed th a t  th ere  was a 6 -fo ld  h igher haem 
turnover r a te  fo r  co n tro l and phenobarbitone-induced P^^q cytochromes 
in  r a t  l iv e r  compared with cytochrome P ^ ,  which suggests th a t  
cytochrome P ^ ^  may be more s tab le  than cytochrome
Both q u a li ta t iv e  and q u a n tita tiv e  changes in  the haemoprotein
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content o f c e l l s  on cu ltu rin g  as  were suggested by r e s u l ts  found in  
the p resen t study would be expected to  be re f le c te d  in  changes in  
the q u a li ta t iv e  and q u a n tita tiv e  asp ec t o f metabolism. Such changes 
w ill  be re fe r re d  to l a t e r ,
10,3 AFBj^ METABOLISM
The metabolism o f AFB^  was in v es tig a te d  mainly in  f re sh ly
iso la te d  hepatocytes and, to  a le s s e r  ex ten t, in  2^ h r cu ltu red
hepatocytes, the  r e s u l ts  o f which are  p resented  in  chap ter 4, The
e f fe c t  o f phenobarbitone and 3-MG pretreatm en ts fn  v ivo , and o f
chronic AFB^  feeding, on AFB^  metabolism was a lso  examined.
Fig, 10,1 shows the o v e ra ll scheme o f the metabolism o f AFBj^ ,
The development of su ita b le  a n a ly tic a l  techniques fo r  in v e s tig a tin g
AFBj^  metabolism in  f re sh ly  iso la te d  and cu ltu red  hepatocytes i s
described  in  chap ter 2 ,6 a ( i i ) ,  Freshly  iso la te d  hepatocytes from
14co n tro l F ischer r a t s  were found to  m etabolise C-AFB  ^ to  various 
non-polar m etabo lites (AFM ,^ AFQ^  and o ccasio n ally  d e tec tab le  le v e ls  
o f AFP  ^ were found) and to  rad io la b e lle d  p o la r  m a te ria l, when 
analysed by HPLG, TLG and rad io ac tiv e  counting. The ra d io la b e lle d  
p o la r  m ate ria l was defined as having a re te n tio n  time o f < 6 min on 
reversed-phase HPLG and p a r t it io n in g  in to  the aqueous phase in  
aqueous/chloroform p a r ti t io n in g . In  vivo p re treatm en t w ith pheno­
barb itone and, in  p a r t ic u la r ,  3 -MG markedly increased  the r a te s  o f 
AFB^  metabolism in  the corresponding f re sh ly  iso la te d  hepatocytes 
(see ta b le  4 ,6 ) , based on r a te s  of u t i l i s a t io n  o f AFB^  (pg AFB^  
u t i l i s e d  10^ ce llsT ^h r"^ ), This i s  in  agreement with increased  
r a te s  of AFB^  metabolism found in  microsomes iso la te d  from r a t s  
p re tre a te d  in  vivo w ith phenobarbitone (Dahms and Gurtoo, 197&;
264
Neal and Colley, 1978; Gurtoo and Dahms, 1979) and 3-MG (Gurtoo
and Dahms, 1979; Neal, Colley and Judah, unpublished r e s u l t s ) .
However, phenobarbitone induction  re su lte d  in  a g re a te r  r a te  of
AFBj^  metabolism in  microsomal f ra c tio n s  than in  microsomes from
3-MG induced r a t s ,  which i s  con trary  to  the s itu a t io n  found in  the
p resen t study with f re sh ly  iso la te d  hepatocytes. This discrepancy
between r e s u l t s  found in  hepatocytes and iso la te d  microsomes may be
due to d iffe re n c e s  in  r a te s  o f c e l lu la r  uptake o f AFB^, which would
no t be lim itin g  in  iso la te d  microsomal systems, and/or secondary
metabolism o f AFB^  which would be more l ik e ly  to  occur in  in ta c t
hepatocytes. In vivo AFB^  feeding did not a f f e c t  the r a te  o f  AFB^
metabolism in  f re sh ly  iso la te d  hepatocytes compared to  th a t  in  c e l l s
from co n tro l r a t s .  These r e s u l ts  a re  in  agreement with the s itu a tio n
found in  microsomes where the r a te  o f AFB^  metabolism in  microsomes
f 2x>m AFB^  fed  r a t s  i s  the  same as th a t  in  microsomes from co n tro l r a t s
(Neal and Golley, unpublished r e s u l t s ) .  When the  r a te s  o f AFB^
metabolism are based on the cytochrome con ten ts o f the c e l l s
—1 —1(pg AFB^  u t i l i s e d  nmole h r” ) the r a te s  were found to  be
s im ila r  in  fre sh ly  iso la te d  hepatocytes from un trea ted  and p re tre a te d  
r a t s .  This in d ica ted  th a t  the r a te  o f AFB^  metabolism in  these 
c e l ls  c o rre la te d  w ell w ith the cytochrome Pji^ Q^ con ten t and the  
d if f e re n t  P, enzyme systems are  equally  e f f ic ie n t  in  m etabolising430
AFB^  even though the q u a li ta t iv e  a sp ec ts  o f the  metabolism are  very 
d if f e re n t .
Freshly iso la te d  hepatocytes from co n tro l and p re tre a te d  r a t s  
a l l  produced unconjugated non-polar hydroxylated m etabo lites o f AFB ,^ 
p r in c ip a lly  AFQj^  and AFRj^  (see ta b le s  4 ,7  and 4 ,8 ) ,  In  hepatocytes 
iso la te d  from co n tro l r a t s  the major f re e  non-polar m etabolite  was
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AFM^ , i t s  form ation being approxim ately 3 tim es th a t  o f AFQ^  
follow ing a 2 h r  incubation  p eriod . The le v e l of AFQ^  p resen t 
decreased towards the end o f the incubation period  ( f ig ,  4 ,4 ) ,  The 
r e la t iv e  p roportions o f AFMj^  and AFQ^  produced by these c e l ls  
d i f f e r  from those reported  fo r  microsomal incubations. In  micro­
somes is o la te d  from co n tro l Sprague-Dawley r a t s  (Dahms and Gurtoo, 
1976) and co n tro l F ischer r a t s  (Neal and Colley, 1978) AFQ^  was the 
major non-polar m etabo lite , i t s  form ation being approximately 
1 ,5- fo ld  g re a te r  than th a t  o f AFM .^- In the in ta c t  c e l l  then, e i th e r  
the r a te  o f production o f m etabo lites by microsomes does no t r e f l e c t  
th e i r  in  v i tro  capacity  o r the p a tte rn  i s  modified by secondary 
metabolism. Metabolism o f AFB^  to AFQj, and AFM^  in  hepatocytes 
iso la te d  from AFB^  fed r a t s  was id e n tic a l  to  th a t  in  c e l l s  from 
co n tro l r a t s  ( tab le  4 ,7  and 4 ,8 ) ,  This f in d in g , to g e th e r w ith the 
observation  th a t  metabolism o f AFB^  (based on r a te s  o f u t i l i s a t io n  
o f AFB^) and cytochrome conten t were very s im ila r  in  c e l ls
from AFB^  fed  and co n tro l r a t s ,  suggests th a t ,  although AFB^  i s  a 
su b s tra te  fo r  cytochrome Pj^^g* ^^ronic ad m in istra tio n  o f AFB^  does 
not appear to have any inducing capacity  in  terms o f cytochrome Pj^^g 
conten t o r AFB^  m etabolising a c t iv i ty  in  in ta c t  hepatocytes, in  
agreement with r e s u l ts  found fo r  microsomal cytochrome Pj^^g and 
AFB^  metabolism. These r e s u l ts  a re  th e re fo re  in  agreement with 
the r e s u l ts  obtained using co n tro l c e l l s ,  bu t again d i f f e r  from the 
m etabolite  p a tte rn s  formed by iso la te d  microsomes,
Phenobarbitone pre treatm en t o f r a t s  re su lte d  in  the  form ation o f 
twice the amount o f AFQ^  by f re sh ly  iso la te d  hepatocytes during the 
f i r s t  hour o f incubation  compared to  th a t  produced by c e l l s  from 
co n tro l r a t s ,  which corresponded roughly w ith twice th e  r a te  o f AFB^
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u t i l i s a t io n  by c e l l s  from phenobarbitone p re tre a te d  r a t s  seen a t  th i s  
tim e. The le v e l of f re e  dim inished towards the end o f the
incubation  period  ( f ig ,  4 .1 0 ), However, form ation o f fre e  AFM^  in  
c e l l s  from phenobarbitone p re tre a te d  r a t s  was approximately o n e-th ird  
th a t  in  c e l l s  iso la te d  from co n tro l r a t s  ( tab le  4 ,? ) ,  The increased  
production of fre e  AFQ^  in  iso la te d  hepatocytes from phenobarbitone 
in  vivo p re tre a te d  r a t s  i s  in  agreement w ith th a t  found in  microsomes 
from r a t s  p re tre a te d  w ith phenobarbitone (Dahms and Gurtoo, 19?6;
Neal and C olley, 1978), although microsomal form ation o f AFQ^  was 
approximately 4 tim es g re a te r  w ith phenobarbitone pre treatm en t of 
F ischer r a t s  (Neal and Colley, 1978) compared to the doubling o f AFQ^  
found in  in ta c t  hepatocy tes. Contrary to  the decreased form ation of 
AFM^  found in  c e l l s  iso la te d  from phenobarbitone preadm inistered r a t s ,  
the corresponding r a t  l i v e r  microsomal f ra c tio n  produced s l ig h t ly  
g re a te r  amounts o f AFMj^  than d id  microsomes from co n tro l r a t s  
(Dahms and Gurtoo, 1976; Neal and Colley, 1978),
3-MC p retreatm en t o f  r a t s  vivo re su lte d  in  enhanced form ation 
o f AFM^  by iso la te d  hepatocytes in  the f i r s t  45 min (approxim ately
8 ,5  tim es th a t  found in  c e l ls  from co n tro l r a t s  a t  th is  time) w ith 
subsequent rap id  disappearance o f the m etabolite  to very low le v e ls  
( f ig , 4,18) whereas AFQ^  form ation was only s l ig h t ly  increased  
(tab le  4 ,8 ) ,  Elevated form ation o f AFMj^  was found in  microsomes from 
r a t s  rece iv ing  3-MC pread m in istra tio n  djl vivo (Gurtoo and Dahms,
1979; Neal, Colley and Judah, unpublished r e s u l ts )  with approxim ately 
the same amount o f AFQ^  formed as  in  microsomes from co n tro l r a t s .
The d a ta  presented  in  th is  study concerning the  metabolism of 
AFBj^  in  f re sh ly  iso la te d  hepatocytes, and in  r a t  l i v e r  microsomal 
metabolism reported  by o th e r workers, suggest th a t  the form ation o f
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AFQ,^  and AFM^  involves two d if f e r e n t  mixed function  oxidase a c t i v i t i e s ,  
in  agreement with microsomal s tu d ie s . The form ation o f AFQ^  ^ was found 
to  be induced by phenobarbitone p re treatm en t ^  vivo suggesting th a t  
the form ation o f t h i s  m etabolite  i s  mediated v ia  cytochrome 
However, AFM^  form ation appears to  be enhanced by 3-MG which in d ic a te s  
th a t  AFKj^  production i s  mediated by cytochrome (see f ig .  10 . 1 ) .
F urther evidence supporting th i s  conclusion was presented by Gurtoo 
and Dahms (1979) who in v e s tig a ted  the  in  v i tro  e f fe c ts  o f in h ib i to r s  
o f known s p e c i f ic i t i e s  towards cytochrome P^^Q-linked enzymes, 
including a ry l hydrocarbon hydroxylase (which i s  inducib le  by 3-MO) on 
the i n  v i t ro  microsomal form ation o f AF^ and AFM .^ The r e s u l t s  showed 
th a t  SKF-525A (p-diethylam inoethyl d iphenylpropylacetate) and 
metyrapone (p re fe re n tia l  in h ib ito rs  of cytochrome p a r t ic u la r ly
in h ib ite d  the production o f AFQ,^  both in  microsomes from co n tro l, 
phenobarbitone and 3-MG p re tre a te d  r a t s ,  w ith no in h ib itio n  o f AFMj^  
form ation in  microsomes from co n tro l r a t s  and weaker in h ib it io n  o f AFM^  
production in  microsomes from phenobarbitone p re tre a te d  r a t s .
However, a -  and p-naphthoflavones (p re fe re n tia l  in h ib ito rs  o f 
cytochrome P / ^ )  in h ib ite d , in  p a r t ic u la r ,  the form ation o f  AFM^  in  
microsomes from 3-MG p re tre a te d  r a t s  compared to  th a t  in  microsomes 
in  co n tro l o r phenobarbitone p re tre a te d  r a t s .
The cytochrome P j^ - l in k e d  enzyme a ry l hydrocarbon hydroxylase 
(AHH) i s  involved in  the  metabolism o f benzo(a)pyrene, an environmental 
carcinogen, to  various m etabo lites (Yang e t a l , , 1975) and th i s  enzyme 
i s  inducib le  by po lycyclic  arom atic hydrocarbons e ,g , 3-MG and 
benzo(a)pyrene. Among inbred s tr a in s  o f mice, d iffe re n c es  have been 
observed in  the  induction  by 3-MG o f the microsomal metabolism o f 
benzo(a)pyrene; some s tr a in s  are  're sp o n siv e ' (designated  as  Ah
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responsive) whereas o th e r s tr a in s  are  ' non-responsive’ (designated 
as Ah non-responsive) (see Nebert e t  , 1975). Furthermore, 
genetic  a n a ly s is  o f the induction o f AHH in  responsive and non- 
-responsive s tr a in s  o f mice revealed  a simple gene d iffe ren ce  between 
the two s tr a in s  (see Nebert e t  a l . , 1975). Gurtoo and co-workers 
(1978a) presen ted  evidence, th ere fo re ,b ased  on g enetic  s tu d ie s  in  
mice of various s tr a in s  including Ah responsive and non-responsive 
s tr a in s ,  dem onstrating th a t  microsomal metabolism of AFB^  to DNA-binding 
m etab o lite (s) (the p u ta tiv e  AFB^-2 ,3-epoxide) i s  ca ta ly sed  by the 
cytochrome system, whereas conversion to AFM^  i s  ca ta ly sed  by a
cytochrome P^j^g-dependent (AHH) enzyme system, induction  of the l a t t e r  
being asso c ia ted  with the Ah locus in  mice. F urther in v e s tig a tio n s  
may dem onstrate s im ila r  find ings in  d if f e re n t  genetic  s tr a in s  of 
r a t s ,  meanwhile i t  would be in te re s tin g  to  examine metabolism of 
AFB^  in  hepatocytes iso la te d  from these d if f e re n t  genetic  s t r a in s  of 
mice to attem pt to e lu c id a te  fu r th e r  the g enetic  co n tro l o f AFB^  
metabolism.
In hepatocyte suspensions, incubation with AFB^ resulted in 
the occasional formation of detectable amounts of AFPj^  in hepatocytes 
isolated from control and phenobarbitone pretreated rats. No other 
relatively non-polar metabolites of AFB^, e,g, AFB^-diol or aflatoxicol, 
were found in hepatocyte incubations. Any AFB^-diol which may have 
been produced would be expected to have reacted with protein present 
in the incubations at physiological pH, or perhaps have reacted with 
DNA since some preliminary evidence has recently been presented 
that AFB^-diol (or its esters possibly formed in the conversion of the
epoxide to  the d io l)  binds to  DNA in  l iv e r  s l ic e s  (Coles £ t  ^ , , I 98O). 
Microsomal incubations performed in  T ris  b u ffe r  (tris-h y d ro x y  methyl
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amino methane) p re fe re n tia l ly  produced AFB^-Tris-diol v ia  the S c h if f 's  
base rea c tio n ; in  the absence o f T ris , the AFB^-diol bound to 
p ro te in s  presumably v ia  the same re a c tio n  (Neal and Golley, 1979;
Neal e t  a l . ,  in  p r e s s ) . I t  may be speculated  th a t  metabolism o f AFBj^  
by hepatocyte incubations performed in  the presence o f T ris  b u ffe r  
would a lso  r e s u l t  in  the form ation o f AFB^-Tris-diol, However, the 
numerous o th e r amines p resen t in  the c e l l s  and cu ltu re  medium may p re­
clude the p re fe re n tia l  form ation o f A FB^-Tris-diol. Indeed, some o f 
the r e la t iv e ly  f lu o re scen t peaks found in  the p o la r  m ateria l may 
rep re sen t conjugates of AFB^-diol w ith amines. In te re s tin g ly , the  
binding o f AFB^-diol to  p ro te in s  both in  microsomes, and presumably 
in  hepatocytes, does no t prevent the metabolism o f AFB^  from 
proceeding in d ica tin g  th a t  binding i s  not to  the enzyme i t s e l f  o r to 
the COfactor producing enzymes.
Prelim inary experim ents w ith 24 h r cu ltu red  hepatocytes from
14
control rats showed that these cells also metabolised G-AFB^ although 
at a slower rate than the corresponding freshly isolated hepatocytes, 
even when the rates are corrected for the decreased levels of cyto­
chrome P/^ Q^ in the cultures. In vivo pretreatment with phenobarbitone,
143-MG o r AFBj^  feeding enhanced the  metabolism o f G-AFB ,^ based on the 
14u t i l i s a t io n  o f G-AFB^, p a r t ic u la r ly  in  c e l l s  cu ltu red  from 3-MG 
p re tre a te d  r a t s  which v i r tu a l ly  com pletely m etabolised the AFB^  during 
a 4 h r incubation  period  ( ta b le  4 ,3 ) ,  This may suggest th a t  cyto­
chrome P^AS the cu ltu red  c e l ls  m etabolises AFB^  more e f f ic ie n t ly  
than cytochrome P^^g, However, th e re  was l i t t l e  form ation o f fre e  
non-polar m etabo lites by any o f the 24 h r cu ltu re d  c e l l s .  Free AFQ^  
was undetectable in  any o f the c u ltu re s , whereas small amounts of 
fre e  AFM^ were found in  increasing  concen tra tion  in  24 h r cu ltu red  
hepatocytes from co n tro l, AFB^  fed and 3-MG p re tre a te d  r a t s
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re sp e c tiv e ly  ( ta b le  4 .4 ) . However, when m etabolite  form ation i s  
based on cytochrome conten t (being reduced in  the cu ltu red
c e l ls )  production o f fre e  AFM^  by 24 h r  cu ltu red  hepatocytes, from 
3-MG p re tre a te d , AFBj^  fed and co n tro l r a t s ,  was found to  be 50% 33^ 
and 23% re sp e c tiv e ly  of th a t  found in  the corresponding fre sh ly  
iso la te d  hepatocytes, although the r a te  o f AFB^  u t i l i s a t io n  (in  
terms o f cytochrome P/^^q content) in  the  c u ltu re s  was 27%, 15% and 
9% re sp e c tiv e ly  o f th a t  found in  the corresponding fre sh ly  iso la te d  
c e l l s .  Thus, the form ation o f AFM^  ^ as the only d e tec tab le  f re e  
non-polar m etabolite  o f AFB^  by 24 h r cu ltu red  hepatocytes from co n tro l, 
AFB^  fed and p a r t ic u la r ly  3-MG p re tre a te d  r a t s ,  c o r re la te s  w ell with 
the proposal th a t  these c u ltu re s  contained mixed function  oxidases 
with predominantly cytochrome P^^^ c h a ra c te r is t ic s ,  although in  
c u ltu re s  from phenobarbitone p re tre a te d  r a t s  fre e  AFM^  production 
was no t d e tec ted . I t  i s  p o ssib le  th a t  AFM^  was more rap id ly  conjugated 
in  the c u ltu re s  from phenobarbitone p re tre a te d  r a t s  and thus f re e  
AFMj- may not have accumulated. Further work i s  req u ired  concerning 
th e  conjugating capacity  o f cu ltu red  c e l l s  which may be a lte re d  due 
to the c u ltu rin g  conditions bu t not n e c e ssa rily  to  the same ex ten t as 
found fo r  cytochrome in  cu ltu red  hepatocytes.
Decad and co-workers (1978) repo rted  the maintenance o f cy to­
chrome P^^Q in  24 h r cu ltu red  hepatocytes prepared from Sprague-Dawley 
male r a t s ,  by the use of a defined medium supplemented with te s to s te ro n e , 
thyroxine, hydrocortisone, o e s tra d io l, glucagon, in su lin , l in o le ic  
ac id , o le ic  ac id  and (T-am inolaevulinic ac id , a haem precu rso r, and 
in v es tig a ted  the  metabolism o f AFB^  by these c e l l s .  However, the 
cytochrome Pj^ ^Q le v e ls ,  which were m aintained c lose  to vivo le v e ls ,  
were approximately the same values as found in  24 h r cu ltu red  hepa­
to cy tes  prepared from co n tro l F ischer r a t s  used in  th is  study, when the
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6 1cytochrome le v e ls  are  expressed as pmole 10 c e l l s
Metabolism o f in  the 24 h r cu ltu red  hepatocytes was analysed
by TLG and rad io ac tiv e  counting by th ese  in v e s tig a to rs , who repo rted  
th a t  ^^G-AFM  ^ was the  only chloroform ex trac tab le  m etabolite  formed 
during a 10 h r incubation  period , in  comparable amounts to  those 
produced by 24 h r  cu ltu red  hepatocytes from co n tro l r a t s  used in  th is  
study.
In  the p resen t study, hepatocytes, due to  th e i r  in teg ra te d  nature
in  c o n tra s t to su b c e llu la r  f ra c tio n s , were found to  produce not only
14fre e  non-polar m etabo lites o f G-AFB^  bu t a lso  rad io la b e lle d  p o la r  
m ateria l in  varying amounts according to  the p retreatm en t of the  r a t s .  
The production o f ra d io la b e lle d  p o la r  m a te ria l, w ith a re te n tio n  time 
o f < 6  min when analysed by HPLG and d is t r ib u tio n  o f the la b e l across 
the e lu tio n  p ro f i le s ,  accounted fo r  approximately 40% o f the 
to ta l  r a d io a c tiv ity  in  f re sh ly  iso la te d  hepatocytes from co n tro l r a t s  
( ta b le  4 .9 ) . In vivo p retreatm ent with 3-MG and phenobarbitone 
s ig n if ic a n tly  enhanced the form ation o f p o la r  m a te ria l, p a r t ic u la r ly  
in  the former case, and chronic AFB^  feeding s l ig h t ly  increased  the 
q u a n tita tiv e  production o f p o la r m a te ria l, although not s ig n if ic a n tly ,  
compared to  th a t  from co n tro l r a t s  ( ta b le  4 .9 ) . A ll p re trea tm en ts  
a l te re d  the q u a li ta t iv e  p a tte rn  of d is tr ib u tio n  o f rad io la b e l in  
the p o la r m ate ria l across the e lu tio n  p ro f i le s  (compare f ig s .  4 .6 , 4 .12, 
4.21 and 4.29) i . e .  peaks with re te n tio n  tim es o f approximately 3 a.nd 
4 min were increased  in  heigh t as a r e s u l t  o f the p re trea tm en ts . The 
form ation of such la rg e  amounts o f p o la r  m ate ria l derived from 
metabolism o f AFB^  in  iso la te d  hepatocytes i s  in  c o n tra s t to the 
s itu a tio n  found in  microsomal metabolism of AFB^  where the products 
o f AFB^  metabolism are  predominantly non-polar. This production o f 
p o la r  m ate ria l could c le a r ly  account fo r  the r e la t iv e ly  low le v e ls  o f
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primary non-polar m etabo lites found in  in ta c t  c e l l s ,
H epatocytes, from con tro l r a t s ,  cu ltu red  fo r  24 h r  a lso  produced 
ra d io la b e lle d  p o la r m a te ria l when incubated w ith G-AFB  ^ ( ta b le  4 .5 ) . 
P retreatm ent o f r a t s  in  vivo with phenobarbitone and 3—MG re su lte d  
in  g re a te r  form ation of ra d io la b e lle d  p o la r m ate ria l in  cu ltu red  
c e l l s  compared to  th a t  in  c u ltu re s  from co n tro l r a t s  ( ta b le  4 .5 ) .
The q u a n tita tiv e  form ation o f th i s  p o la r  m ate ria l was lower in  c u ltu re s  
from AFB^  fed r a t s ,  compared to  th a t  in  c e l l s  from co n tro l r a t s .
However, the q u a li ta t iv e  form ation o f p o la r m ate ria l was a lte re d  by 
a l l  3 p re treatm en ts  in  the cu ltu red  c e l ls  compared to  th a t  seen in  
co n tro l c u ltu re s . This q u a li ta t iv e  change was s im ila r  to  th a t  
found in  corresponding fre sh ly  iso la te d  hepatocytes.
Incubation o f ^^G-AFB  ^ w ith 24 h r cu ltu red  hepatocytes from 
co n tro l r a t s  re su lte d  in  57% o f the m etabolite  r a d io a c tiv ity  being 
presen t in  the p o la r  m ateria l by 2 h r incubation . This value was 
very s im ila r  to  th a t  reported  by Decad e t  a l . (1978) fo r  24 h r 
cu ltu red  hepatocytes, from co n tro l Sprague-Dawley r a t s ,  with 
m aintained cytochrome le v e ls .
The form ation o f p o la r m ate ria l by hepatocyte incubations with 
l^G-AFB^ was presumably the r e s u l t  o f phase I I  metabolism of the 
AFB^  m etabo lites. However, the  p o s s ib i l i ty  th a t  the  p o la r  m a te ria l 
may a lso  contain  degradation products o f DNA, RNA and p ro te in  adducts 
o f AFB^  m etabo lites (the p u ta tiv e  AFB^-2,3-epoxide and the  AFB^-diol 
(or i t s  e s te rs )  which were not observed a s  fre e  m etabo lites) 
l ib e ra te d  due to re p a ir  enzyme a c t iv i t i e s  p resen t in  the in ta c t  
c e l l  system, cannot be excluded. The p o ssib le  occurrence o f AFB^  
purine o r nucleoside adducts, e .g . guanyl adducts w ith AFB^  m etab o lites , 
in  the p o la r m ate ria l was not examined in  th is  study and m erits  f u r th e r
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in v e s tig a tio n .
Therefore, the p o ssib le  form ation o f conjugates o f AFB^  
m etabo lites was examined. In fre sh ly  is o la te d  hepatocytes from 
phenobarbitone and 3-MG p re tre a te d  r a t s  th e re  were t r a n s ie n t  r i s e s  
in  AFQ^  and AFM^  production re sp e c tiv e ly , in d ica tin g  th a t  fu r th e r  
metabolism, presumably conjugation, o f these  m etabo lites occurred 
(see f ig s .  4.10 and 4 .1 8 ). ^^G-AFM  ^ was found to  be ex tensive ly  
fu r th e r  m etabolised in  iso la te d  hepatocytes from 3-MG p re tre a te d  
r a t s  ( f ig s .  5.9 and 5.10) in d ica tin g  form ation o f conjugates, whereas 
incubation o f microsomes and even post-m itochondrial supernatan ts 
(contain ing  cy to so lic  enzymes), a lso  prepared from 3-MG p re tre a te d  
r a t s ,  w ith ^^G-AFM  ^ d id  no t r e s u l t  in  any fu r th e r  metabolism (Neal 
and Judah, personal communication). Although co fac to rs  such as 
UDPGA or PAPS (see ta b le  3 .1) were not added to  these su b c e llu la r  
f ra c tio n s  the need fo r  supplem entation with such co fac to rs  in  
incubations using post-m itochondrial supernatan ts would imply th a t  
these systems do no t mimic the vivo s itu a t io n . This fin d in g , 
to g e th e r  w ith o th e r  r e s u l ts  presented  in  th i s  study, in d ic a te  th a t  
in  v i tro  experiments using su b c e llu la r  f ra c tio n s  can, in  some cases, 
y ie ld  very d if f e r e n t  r e s u l t s  to  those obtained using a more in te ­
g ra ted  system such as iso la te d  hepatocy tes. The discrepancy between 
the amount of AFQj^  produced by hepatocytes and the  amount produced by 
microsomes, prepared from phenobarbitone p re tre a te d  r a t s  (much la rg e r  
amounts produced by microsomes) would suggest th a t ,  e i th e r  form ation 
of AFQj_ i s  very lim ite d  in  the c e l l s  and does no t r e f l e c t  microsomal 
primary metabolism, o r th a t  AFQ^  undergoes rap id  conjugation in  the 
in ta c t  c e l l  system so th a t  considerable accum ulation o f the m etabolite  
does no t occur. Although i t  was intended to  examine the p o ssib le
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14fu r th e r  metabolism o f G-AFQ^  by hepatocytes iso la te d  from pheno­
barb itone p re tre a te d  r a t s ,  th e re  was some d i f f ic u l ty  in  obtain ing  
14pure G-AFQ^  in  s u f f ic ie n t  amounts fo r  th i s  study. However, 
evidence fo r  the rap id  fu r th e r  metabolism o f AFQ^  was obtained 
follow ing incubation  o f a m ixture o f ^^G-AFQj^  and ^^ G-AFMj^  in  
microsomes (Neal and Golley, 1978) and post^m itochondrial super­
n a tan ts  (prepared from phenobarbitone p re tre a te d  r a ts )  (Neal and
Judah, personal communication) which re su lte d  in  considerably
14decreased re s id u a l G-AFQ^  with appearance o f rad io la b e l in  p o la r
14m ateria l which was not derived from G-AFM^  since th i s  remained 
unchanged. This suggests th a t  these  v i tro  systems are  capable 
of fu r th e r  metabolism (conjugation) o f ^^G-AFQ^. Therefore, fu r th e r  
metabolism of AFQ^  and AFM^  in  in  v itro  systems appears to occur 
v ia  d if f e re n t  mechanisms; rap id  fu r th e r  metabolism o f  AFQ^  occurs 
in  microsomes, post-m itochondrial supernatan ts and, presumably, in ta c t  
hepatocytes (although th i s  has not y e t been v e r i f ie d ) , whereas the 
fu r th e r  metabolism o f AFM^  occurs only in  an in ta c t  system, e .g . 
hepatocytes, and i s  much le s s  rap id  than th a t  of AFQj^ , re su lt in g  
in  considerable accumulation o f the m etabolite  p r io r  to  conjugation .
Attempts to  hydrolyse p o ssib le  g lucuronate and sulphate 
conjugates o f AFB^  m etabo lites, (AFM ,^ AFQ ,^ AFP^, AFB^-diol) 
p resen t in  the p o la r  m ateria l produced by the c e l l s ,  using Helix 
pomatia and E. c o li  ^-glucuronidases under the cond itions used, were 
unsuccessfu l. I f  g lucuronates o r su lphates o f AFB^-diol were formed 
in  the c e l ls ,  hyd ro lysis  with E. c o l i  P-glucuronidase ( a t  pH 7 .0) 
may have re su lte d  in  the re le a se  o f fre e  AFB^-diol which would 
probably then r e a c t  with any amines p resen t in  the p o la r  m a te ria l and 
may no t have been de tec ted . However, any AFB^-diol re lea sed  by
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h yd ro ly sis  w ith H elix pomatia p-glucmronidase ( a t  pH 5*0) would have 
been de tec ted  s ince a t  th i s  pH AFB^-diol does not form a phenolate 
ion and thus i s  unreac tive .
This apparent lack  o f form ation o f g lucuronate and sulphate 
conjugates o f AFB^  m etabo lites was unexpected, p a r t ic u la r ly  in  p o la r  
m ateria l obtained from c e l l s  iso la te d  from phenobarbitone and 3-MG 
p re tre a te d  r a t s .  The U D P-glucuronyltransferases, which ca ta ly se  the 
form ation o f g lucuronides, are  considered to  e x is t  in  r a t  l iv e r  micro­
somes as a heterogeneous group of c lo se ly  re la te d  enzymes with 
p re fe re n tia l  s p e c i f ic i t i e s  fo r  c e r ta in  c la s se s  o f su b s tra te s , various 
forms o f which are  d i f f e r e n t ia l ly  inducib le  by phenobarbitone and 
3-MG (Bock e t  a l . . 1973; Del V il la r  e t  a l . , 1975; Bock e t  a l . .1980). 
Thus, the le v e ls  o f  d if f e re n t  g lu cu ro n y ltran sfe rases  would be 
expected to  be e levated  in  hepatocytes from phenobarbitone and 3-MG 
in  vivo p re tre a te d  r a t s .  The form ation o f glucuronides and su lphates  
o f various xenob io tics  by iso la te d  hepatocytes has been rep o rted , 
some o f which include; g lucuronate and sulphate conjugates o f 
d ihydrpdio l, catechol and monohydroxy m etabo lites o f benzo(a)pyrene 
(Burke s i  â l . , 1977; Jones ^  a l • i 1978) g lucuronate and su lphate 
conjugates o f paracetam ol (Anderson e t  a l . , 1978; Moldeus, 1978), 
biphenyl (Wiebkin ^  a l . , 1976) 7-ethoxycoumarin (Fry e t  a l . , 1976) 
and harmol (7-hydroxy-l-m ethyl-9-H -pyrido[3 ,4b]indol, Moldeus e t  a l . , 
1979)» and glucuronate conjugates of morphine (Bock e t  , 1976; 
Schwarz e t  a l . , 1979). Thus i t  i s  apparent th a t  fre sh ly  iso la te d  
hepatocytes are  c e r ta in ly  capable o f conjugating xenob io tics w ith 
UDP-glucuronic ac id , v ia  the membrane (endoplasmic r e t ic u la r  and 
probably, to  a le s s e r  ex ten t, nuclear and m itochondrial) bound 
U D P-glucuronyltransferases, to  form glucuronides, and with
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3'-phosphoadenosine 5 ' -phosphosulphate (PAPS), v ia  the  cytoplasm ic 
su lp h o tran sfe rases , to  form sulphate conjugates. At l e a s t  one 
AFB^  m etabo lite , namely AFP^, forms a g lucuronate (o r possib ly  
su lphate) conjugate in  phenobarbitone p re tre a te d  r a t s  during the 
metabolism o f AFBj^  v iv o , the b i le  excreted  conjugate being 
hydrolysed by H elix pomatia p-glucuronidase re le a s in g  fre e  AFP^.
I t  was thus concluded i n i t i a l l y  th a t ,  unlike the s i tu a t io n  5^ v iv o , 
f re sh ly  iso la te d  hepatocytes used in  th i s  study were apparen tly  
unable to  form glucuronides and /or su lphates  o f m etabo lites o f AFB .^ 
However, i t  has re c e n tly  been repo rted  th a t  glucuronides o f c e r ta in  
xenobio tic  m etabo lites are  extremely r e s i s ta n t  to h yd ro lysis  by 
P-glucuronidase (Tanner, personal communication). I t  was found 
th a t  m etabo lites which form glucuronides with phenolic groups 
e .g . r in g  hydroxylated m etabo lites  o f la b e ta lo l  and presumably AFP^, 
are su scep tib le  to  0-glucuronidase h y d ro ly sis . However, g lucuronides 
formed a t  o th e r p o s itio n s  o f the molecule, which may have slow r a te s  
o f fo rm ation ,are  p a r t ic u la r ly  r e s i s ta n t  to  hy d ro ly sis , e .g . 
secondary alcohol o f la b e ta lo l  (Martin ^  a l . ,  1978). This l a t t e r  
find ing  might apply to  p o ssib le  glucuronides of AFM^ , p a r t ic u la r ly  
since fu r th e r  metabolism o f AFMj^  i s  r e la t iv e ly  slow in  c e l l s .  I t  
was repo rted  th a t  prolonged incubation  o f these 'r e s i s t a n t '  
g lucuronides fo r  7 days with H elix pomatia added d a ily  w ill  ev en tua lly  
r e s u l t  in  h yd ro lysis  o f the glucuronide to  re le a se  the fre e  m etab o lite . 
In view of th is  inform ation, production o f glucuronides of AFB^  
m etabo lites  by iso la te d  hepatocytes cannot be excluded and i t  i s  
obviously im portant th a t  fu r th e r  in v e s tig a tio n s  be made in to  the 
p o ssib le  form ation of g lucuronate conjugates by these c e l l s  by 
examining the re le a se  o f any fre e  AFB^  m etabo lites follow ing th ese
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prolonged hyd ro ly sis  procedures.
Methyl conjugation o f phenolic m etabolites may a lso  be 
expected (see ta b le  3 .1 ) but was no t in v es tig a ted  in  th i s  study, 
whereas conjugation of hydroxylated m etabolites with glycine^and 
a c é ty la tio n  would not be expected ( ta b le  3 .1 ) .
G lutathione conjugation v ia  reduced g lu ta th io n e  (GSH)-S-trans­
fe ra se s  has been considered to  be one o f the d e to x if ic a tio n  pathways 
in  the metabolism of many tox ic  compounds p ro te c tin g  ag a in st macro- 
m olecular binding (see Boyland and Ghasseaud, I 969; Ghasseaud, 1979). 
Various in v e s tig a to rs  have p o s tu la ted  a p ro te c tiv e  ro le  fo r  GSH in  
AFB^  to x ic i ty  by the form ation o f GSH conjugates o f a c tiv a te d  AFBj^  
m etabo lites e .g . AFB^  epoxide and AFB^-diol, (Mgbodile ^  , 1975;
Neal and Godoy, 1976). Raj and co-workers (1975) repo rted  the 
form ation o f an AFB -^GSH conjugate v i t r o . They observed a 
n in h y d rin -p o sitiv e  f lu o rescen t spot follow ing separa tion  by TLG of 
an incubation m ixture contain ing  AFB ,^ microsomes and 100,000 g 
supernatan t prepared from phenobarbitone p re tre a te d  r a t s .  They 
suggested th a t  th i s  spot was due to the enzymic form ation o f the 
AFBq-2,3-epoxide g lu ta th io n e  conjugate. In the p resen t study, the
i n i t i a l  water/m ethanol e x tra c ts  o f hepatocytes incubations with 
14G-AFB^  were sprayed with ninhydrin follow ing sep ara tio n  by TLG 
using a p o la r  so lven t (chap ter 4 .3 (a ) ) .  G lutathione conjugates of 
AFB^  m etabo lites formed v ia  the sulphydryl group would be expected 
to form n in h y d rin -p o sitiv e  spots since the amino groups on th e  GSH 
moiety would be av a ila b le  fo r  reac tio n  with n inhydrin . However, i t  
i s  p o ssib le  th a t  AFB^  m etabo lites, e .g . AFB^-diol, may re a c t  w ith 
the amino group in  GSH v ia  the S c h if f 's  base rea c tio n , y e t i f  r e ­
ac tio n  occurs with ox id ised  g lu ta th io n e  (GSSG) the compound could
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s t i l l  be ninhydrin p o s it iv e . Due to  the presence o f various amino 
ac ids in  the c e l l s  and medium used in  the p resen t study, many 
such ninhydrin p o s itiv e  spo ts , some o f which were f lu o re sce n t when 
viewed under long wavelength UV l ig h t ,  were observed (see chap ter 
F u rther sep ara tio n  o f the p o la r  m ate ria l formed during 
hepatocyte incubations with AFB^  by reversed-phase HPLG methods 
using water/m ethanol g rad ien t as  e lu en t (Degen and Neumann, 1978) 
o r by reversed-phase p a ired -io n  HPLG (Autrup, 1979) would g re a tly  
a id  the id e n t i f ic a t io n  o f p o ssib le  g lu ta th io n e  conjugates o f 
AFBj^-activated m etabo lites and in v e s tig a tio n s  using these  methods 
a re , th e re fo re , requ ired .
Although prelim inary  attem pts to  id e n tify  p o ssib le  GSH conjugates 
of AFB^-metabolites were unsuccessful, in  th is  study, the p o ssib le  
formation o f GSH conjugates was in v e s tig a te d  by p read m in is tra tio n  of 
d ie th y l m aleate to  r a t s .  D iethyl m aleate (DEM) i s  known to  dep le te  
hepatic  GSH le v e ls  (Boyland and Ghasseaud, I 969) and thus in  vivo 
GSH le v e ls ,  and GSH le v e ls  in  hepatocytes is o la te d  from r a t s  + DEM 
p read m in is tra tio n , were measured.
I t  was observed th a t  phenobarbitone p re treatm en t and, to  a le s s e r  
ex ten t, 6 weeks feeding with AFB^  to  r a t s  re su lte d  in  increased  le v e ls  
of hepatic  GSH (see ta b le  5 .1 ), although r a t s  fed a d ie t  o f AFB^  
fo r  longer than 6 weeks (which r e s u l t s  in  g re a te r  numbers o f advanced 
hepatic  le s io n s )  have considerably  h igher h ep a tic  GSH le v e ls  (Neal, 
personal communication). G lutathione conjugation i s  mediated usu a lly  
by the predominantly cy to so lic  h ep a tic  G SH -S-transferases, a f a i r l y  
non -specific  but p a r t ly  se le c tiv e  group of enzymes th a t a lso  function  
as binding p ro te in s , designated G SH-S-transferase A,B,G e tc .  These 
enzymes are  inducib le  by microsomal drug m etabolising inducers such
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as phenobarbitone and 3-MG (see review, Ghasseaud, 1979), although 
phenobarbitone appears to  be a more e f fe c tiv e  inducer o f r a t  l i v e r  
GSH-S-transferase B (one o f the S -tran s fe ra se s , synonymous with 
ligand in ) than 3-MG (Hales and Neims, 1977). However, treatm ent with 
r e la t iv e ly  high amounts o f the inducers fo r  prolonged periods are 
requ ired  fo r  induction  o f GSH -S-transferases (see review,
Ghasseaud, 1979). Although GSH-S-transferase a c t iv i t i e s  were not 
measured in  the c e l l s  used in  th is  study i t  would seem u n lik e ly  th a t  
induction  o f these enzymes occurred under the  inducing cond itions used.
In agreement w ith o th e r workers (Vina e t  ^ . , 1978), c e l lu la r  
GSH le v e ls  decreased during th e  a c tu a l p rep ara tio n  o f iso la te d  
hepatocytes ( ta b le  5 .1 ) , bu t DEM pretreatm en t vivo caused an even 
fu r th e r  d ep le tio n  so th a t  the GSH le v e ls  in  the various f re sh ly  
iso la te d  c e l l s  prepared from DEM tre a te d  r a t s  were almost n e g lig ib le  
( ta b le  5 .1 ) .
14The form ation o f GSH conjugates o f G-AFB  ^ m etabo lites would be
expected to decrease as  a r e s u l t  o f  DEM pretreatm en t and, th e re fo re ,
14the decrease in  heigh t o f  various G -labelled  peaks p resen t in  the 
p o la r m a te ria l, follow ing HPLG a n a ly s is  o f  the incubation  m ixture, was 
examined. DEM p readm in istra tion  to  r a t s  caused the decrease in  
heigh t o f a t  l e a s t  one ^^G -labelled peak normally p resen t in  the 
p o la r m ateria l ( i . e .  in  c e l ls  from r a t s  no t rece iv ing  DEM) follow ing 
incubation o f ^^G-AFB  ^ with hepatocytes iso la te d  from phenobarbitone, 
3-MG p re tre a te d  and AFB^  fed r a t s .  The various peaks which were 
reduced by DEM were peak 4 in  c e l l s  from phenobarbitone p re tre a te d  
r a t s  ( f ig s .  5 .3  and 5 .4 ) , peaks 2/3 and, to  a le s s e r  ex ten t, peak 5 
in  c e l l s  from 3-MG p re tre a te d  r a t s  ( f ig s .  5 .5  and 5 .6 ) and peaks 2 
and a lso , to  a le s s e r  degree, peak 4 in  c e l l s  from AFB^  fed  r a t s
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( f ig s . 5 .7  and 5 .8 ) , although the  id e n tif ic a t io n  o f the various peaks 
may no t be id e n tic a l  in  d if f e re n t  incubations. Also the r a t io  of 
la b e lle d  p o la r  m ate ria l to  la b e lle d  non-polar m ate ria l was s l ig h t ly  
reduced by DEM p read m in is tra tio n . These r e s u l t s  in d ica te  th a t  GSH 
conjugates o f AFB^  m etabo lites a re  probably formed by iso la te d  
hepatocytes from these vario u sly  p re tre a te d  r a t s ,  although i t  i s  
presumed th a t  DEM only a f fe c ts  GSH conjugation  and DEM was found no t 
to a f f e c t  phase I  metabolism to any ex ten t. However, d e f in it iv e  
c h a ra c te r is a tio n  o f the a c tu a l AFB^  m etabo lites which form GSH 
conjugates i s  s t i l l  req u ired . S u rp ris in g ly , DEM p readm in istra tion  
to co n tro l r a t s  had no e f fe c t  on the form ation of p o la r m etabo lites 
by these c e l l s  ( f ig s . 5 .1 , 5 .2 ) , thus implying th a t  GSH conjugates o f 
k¥B  ^ m e tabo lites are  no t normally formed by these c e l l s .  However, i t  
was noted th a t  the le v e ls  of ra d io la b e lle d  p o la r  m ateria l formed by 
incubation o f ^^G-AFB  ^ with hepatocytes from co n tro l and p re tre a te d  
r a t s  v aried  between experiments in  p a r a l le l  with v a r ia tio n s  in  the 
c e l lu la r  GSH le v e ls  follow ing is o la t io n  of the c e l l s ,  such th a t  in  
p rep ara tio n s  where the c e l lu la r  GSH content was considerably  reduced, 
the form ation o f rad io la b e lle d  p o la r  m ateria l was also  correspondingly 
reduced. A b e t te r  t e s t  system to  examine the production o f p o la r 
m etabo lites o f ^^G-AFB  ^ in  iso la te d  hepatocytes may be to  m aintain 
GSH le v e ls  in  c e l l s  to in  vivo le v e ls  using EGTA (ethylene g lyco l 
te t ra a c e t ic  a c id ) , methionine o r homocysteine (Vina e t  , 1978).
I t  would perhaps be expected th a t  i f  the form ation of p o la r  m etabo lites  
was increased  when GSH le v e ls  in  hepatocytes were m aintained to 
vivo le v e ls ,  then DEM p readm in istra tion  to  r a t s  might r e s u l t  in  a 
g re a te r  observable decrease in  peaks p re sen t in  the p o la r  m a te ria l.
Peaks designated  2, 4 and 5, which were decreased by DEM
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pretreatm en t, had g re a te r  fluorescence to  absorbance r a t io s  under the 
d e te c to r  cond itions used, and i t  i s  p o ssib le  th a t  these peaks may 
re p re se n t GSH conjugates o f AFB^-diol, s ince AFB^-diol a lso  has a 
high fluorescence to  absorp tion  r a t io  under the same cond itions due 
to the presence o f the 2-hydroxyl group. Reaction of AFB^-diol with 
GSH would r e s u l t  in  d e to x if ic a tio n  o f the m etabolite  since AFB^-diol 
i s  repo rted  to bind to  p ro te in s  (Neal and Golley, 1979; Neal e t  ad . ,  
in  p ress) and po ssib ly  DNA (Goles ^  a d ., I 98O). Reaction with GSH 
may occur w ith the sulphydryl group o f GSH v ia  GSH-S-transferase or 
re a c tio n  could occur non-enzymically with an amino group of GSH 
v ia  a S c h if f 's  base re a c tio n  (Neal and Golley, 1979).
14An in te re s tin g  r e s u l t  found during metabolism of G-AFB  ^ by
hepatocytes iso la te d  from r a t s  p re tre a te d  with phenobarbitone, and
AFB^  fed r a t s ,  which also  received  DEM pread m in is tra tio n , was th a t
the decrease in  form ation of p o la r  m ateria l re su ltin g  from DEM
treatm ent was co inciden t with an o v e ra ll decrease ,although not
s ig n if ic a n t ,  in  water/m ethanol ex trac ted  ra d io a c tiv ity  ( ta b le  5 .2 ) .
This find ing  would suggest th a t  the ra d io a c tiv ity  remaining in  the
non-ex tracted  m ate ria l (p e l le t)  was increased  by DEM treatm en t,
14possib ly  as a r e s u l t  o f increased  binding o f C-AFB  ^ to  macro­
m olecules. Thus conjugation with GSH may r e s u l t  in  d e to x if ic a tio n  
o f a c tiv a te d  AFB^  m etabo lites which would otherw ise bind to macro­
m olecules. However, as d iscussed  in  chap ter 9 ,1 , the ra d io a c t iv ity  
remaining in  the  non-ex tracted  m ate ria l may no t so le ly  rep re sen t 
macromolecular covalen tly  bound ra d io a c t iv ity .  Thus, fu r th e r  in v e s t i ­
ga tion  of the e f f e c t  o f DEM on the  macromolecular binding o f AFB^  in  
hepatocytes i s  req u ired , ensuring th a t  a l l  the non-covalently  bound 
r a d io a c tiv ity  i s  completely e x trac ted  as d iscussed  in  chap ter 9 .1 . 
N evertheless, treatm ent o f r a t  primary cu ltu red  hepatocytes ( in  which
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the cytochrome le v e ls  were m aintained to  le v e ls  found in
fre sh ly  iso la te d  c e l ls )  w ith DEM added v itro  was repo rted  to
14s ig n if ic a n tly  increase  the macromolecular binding o f C-AFB^
(Decad e t  ad . ,  1979).
Reports of the form ation o f GSH conjugates of a c tiv a te d  AFB^  
m etabo lites have been made and various in v e s tig a to rs  have te n ta ­
t iv e ly  ch a rac te rised  the GSH conjugate of AFB^-2,3-epoxide (Raj 
e t  a l . ,  1975; Degen and Neumann, 1978; Emerole e t  , 1979;
L o tlik a r  e t  , I 98O). The evidence presen ted  by Raj and co-workers 
fo r  the form ation o f GSH conjugate o f AFB^-2,3-epoxide does not, 
however, exclude the p o s s ib i l i ty  th a t  the conjugate formed by a 
combination o f r a t  l iv e r  microsomal and supernatan t f ra c tio n s  may 
have been a GSH conjugate o f AFB^-diol. Binding o f m etabo lites 
o f AFB^  (formed by v itro  incubation  with h ep a tic  microsomes 
prepared from phenobarbitone p re tre a te d  r a t s )  to  ^H-GSH was examined 
by Emerole e t  a l .  (1979). They dem onstrated th a t  binding o f  AFB^  
m etabo lites to %-GSH in  microsomal f ra c tio n s  alone was in s ig n if ic a n t ,  
compared to binding o f benzo(a)pyrene m etabo lites under s im ila r  
cond itions, rep resen tin g , th e re fo re , non-enzymic binding, although 
binding v ia  GSH -S-transferases cannot be ru led  ou t since only small 
amounts o f these enzymes are  rep o rted  to  be p resen t in  r a t  l iv e r
microsomal f ra c tio n s  (Oesch, I 98O). However, binding o f AFB^^
3
m etabo lites to  H-GSH was enhanced by the ad d itio n  o f post-m itochondrial 
supernatan t, showing the  involvement o f the enzyme in  the binding pro­
cess. Yet, compared to binding o f benzo(a)pyrene m etabo lites  to
3 o
H-GSH, enzyme-mediated binding o f AFB^  m etabo lites to  "^ H-GSH was
s t i l l  very low. Once again , d a ta  produced by these workers d id  not
conclusively  in d ic a te  th a t  the GSH conjugate formed was n ec e ssa rily
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with the p u ta tiv e  AFB -^ 2 , 3-epoxide ra th e r  than with AFB^-diol.
L o tlik a r  e t  a l .  (1980) demonstrated th a t  ham ster (an animal species
which is relatively resistant to the toxicity of AFB^) liver
microsome-mediated G-AFB^ binding to  DNA was in h ib ite d  by
105,000 g max l iv e r  supernatan t f ra c tio n . They reported  th a t  there
was an abso lu te  requirem ent o f GSH fo r  the in h ib ito ry  a c t iv i ty  o f
the d ia ly sed  supernatan t and i r r e v e r s ib le  lo s s  o f the in h ib ito ry
a c t iv i ty  by h e a t- tre a te d  supernatan t in d ica tin g  involvement of
14G SH -S-transferase. The form ation of GSH conjugate o f G-AFB  ^
m etabo lite , by female W istar r a t s ,  which was elim inated  in to  the b i le ,  
was described  by Degen and Neumann (1978). Gomparison o f th is  
conjugate w ith th a t  formed by in  v i tro  incubation  o f AFB^  with GSH 
in  the presence of post-m itochondrial f ra c tio n  o f male r a t  ( tre a te d  
in  vivo with Arochlor, a general MFO inducer) l i v e r  homogenate 
re su lte d  in  the te n ta tiv e  id e n t i f ic a t io n  o f the conjugate as 
2 , 3-d ihydro -2-(S -g lu ta th iony l)-3 -hydroxy  a f la to x in  B^  (AFB^-2,3- 
-epoxide GSH conjugate). However, again the  d a ta  presented  does not 
unequivocally exclude the form ation o f AFB^-diol GSH conjugate.
Mgbodile e t  a l .  (1975) showed th a t  p r io r  ad m in istra tio n  o f DEM to  
r a t s  enhanced AFB^-induced h ep a to to x ic ity . Thus, i t  i s  obvious 
from the d a ta  th a t  GSH p lays an im portant ro le  in  the conjugation 
o f AFB^  m etabolites and p a r t ic u la r ly  in  the d e to x if ic a tio n  o f 
a c tiv a te d  AFB^  m etab o lites.
The involvement o f GSH in  the  d e to x if ic a tio n  o f compounds i s  
fu r th e r  im plicated  by the find ing  th a t  GSH d ep le tio n  re su lte d  follow ing 
treatm ent of hepatocytes with bromobenzene (Thor and O rrenius, 1980). 
Freshly iso la te d  r a t  hepatocytes m etabolised bromobenzene to a 
h ighly  re a c tiv e  epoxide which was in a c tiv a te d  enzym ically with GSH.
2 8 4
A decrease in  c e l lu la r  GSH was a sso c ia ted  with the form ation o f 
w ater-so lub le  m etabo lites o f bromobenzene in  hepatocytes prepared 
from r a t s  p re tre a te d  iji vivo with phenobarbitone. However, when 
GSH re sy n th e s is  was prevented during the  period  of bromobenzene 
metabolism (e .g . by p read m in istra tio n  o f DEM to  r a ts )  increased  
c e l l  damage was observed with the GSH d ep le tio n . GSH d ep le tio n  i s  
now used as  an index o f a c tiv a tio n  o f many xenobio tics in  iso la te d  
c e l ls  o r in ta c t  t is s u e s .  I t  may be in te re s t in g  to  measure the 
c e l lu la r  GSH le v e ls  o f  hepatocytes from co n tro l and p re tre a te d  r a t s  
incubated with AFBj^ , and to estim ate the to x ic i ty  o f AFBj^  when 
GSH le v e ls  a re  dep leted  and are  no t resy n th esised  during the  period 
o f AFBjl metabolism, since AFB^  ^ d ep le te s  h epatic  GSH le v e ls  vivo 
(Neal unpublished r e s u l t s ) .
10.4 AFBj^ CYTOTOXICITY
(a) Biochemical E ffec ts
The d a ta  from experiments performed in  th is  study would suggest 
th a t  f re sh ly  iso la te d  hepatocytes and, to a le s s e r  degree, primary 
cu ltu red  hepatocytes are  u sefu l models in  which to study the metabolism 
o f AFB ,^ providing a more analogous s itu a t io n  to the vivo 
metabolism o f AFB^  in  r a t s  (see review, Campbell and Hayes, 19?6) 
than o th e r jjn v itro  systems.
In o rder to in v e s tig a te  the p o ss ib le  a sso c ia tio n  of the  n atu re  
and ex ten t o f  the metabolism o f AFBj^  and i t s  cy to tox ic  ac tio n  in  in  
v itro  l iv e r  c e l l  systems, the a b i l i ty  o f AFBj^  to  in h ib i t  c e l lu la r  
biochemical processes, e .g . nucle ic  ac id  sy n th es is  and p ro te in  
sy n th esis , was examined in  f re sh ly  iso la te d  and primary cu ltu red  
hepatocytes, and the l iv e r-d e r iv e d  d iv id ing  c e l l  l in e ,  BL8L, as a
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p ossib le  rap id  and se n s itiv e  index o f metabolism and c y to to x ic ity .
The e f fe c t  o f AFB^  on o th e r c r i t e r i a  o f c y to to x ic ity  was a lso  
assessed .
In f re sh ly  iso la te d  and 24 h r  cu ltu red  hepatocytes from co n tro l 
and 2^  vivo p re tre a te d  r a t s  (phenobarbitone, 3-MG and chronic AFB^  
feeding) the dose-response e f fe c t  o f AFB^  on inco rpo ra tion  o f 
% -o ro tic  ac id , a p recu rso r o f RNA, was e s s e n tia l ly  complete w ith in  
1 h r . This confirms th a t  such a rap id  e f fe c t  caused by AFB^  in  vivo 
(Sporn e t  a l . i  1966; Godoy and Neal, 1976; Neal and Godoy, 1976) i s  
p a ra lle le d  in  in  v i tro  hepatocyte systems. Since the maximum 
in h ib itio n  o f RNA sy n th esis  a t  each concen tra tion  o f AFB^  was achieved 
w ith in  1 h r  and the c e l l s  continued to  m etabolise AFB^  a f t e r  th i s  
time, then i t  i s  l ik e ly  th a t  fu r th e r  metabolism o f  AFBj_ does no t 
r e s u l t  in  ac tiv a tio n , s ince the se n s itiv e  RNA species i s  in h ib ite d  
maximally a t  a p a r t ic u la r  concen tra tion  o f AFB^  but can be fu r th e r  
in h ib ite d  a t  h igher AFBj^  concen tra tions. The inco rporation  o f the 
RNA precu rso r in  fre sh ly  iso la te d  hepatocytes from con tro l r a t s  was 
in h ib ite d  a t  a l l  concen tra tions of AFB^  used (0 .0 l-0o5 Rg ml ) with 
considerable in h ib it io n  occurring a t  concen tra tions g re a te r  than
A
0.05 ^  AFB^  ml” (see f ig .  6 .1 ) .  Marked in h ib it io n  o f AFB ,^ by 1 h r 
incubation , on inco rpora tion  o f -^H-orotic ac id  by f re sh ly  is o la te d  
hepatocytes from co n tro l male W istar r a t s  was a lso  observed by 
S caife  (1971) and McIntosh e t  (1976). However, the low est dose 
o f AFB^  used by these workers (0 .5  pg AFB^  ml" ) equalled  the h ig h est 
dose used in  the  p resen t study. Furthermore, the  so lven t used in  the 
experiments described  by McIntosh (0.5% DMF w "  ) i t s e l f  caused some 
in h ib it io n  of in co rpora tion  o f ^ - o r o t i c  ac id , in  agreement w ith 
da ta  presented  in  th is  study ( f ig .  2 .7 ) .
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3In c o n tra s t to the in h ib itio n  o f inco rpo ra tion  o f H -orotic  
ac id  caused by AFB^  a t  a l l  concen tra tions in  f re sh ly  iso la te d  
hepatocytes from co n tro l r a t s ,  c e l l s  iso la te d  from phenobarbitone 
and 3-MG p re tre a te d  r a t s  only demonstrated in h ib it io n  a t  the 
h igher AFBj^  concen tra tio n s, i . e .  > 0.05 pg ml"^ ( f ig s  6 .3  and 6 .5 ) . 
These r e s u l t s  in d ic a te  a c e r ta in  degree o f p ro te c tio n  conferred  by 
phenobarbitone and 3-MG ^  vivo p re treatm en ts  ag a in s t the in h ib ito ry  
ac tio n  of AFBj^  on RNA sy n th es is , a t  l e a s t  a t  low dose le v e ls  o f  AFB .^ 
McIntosh e t  ad. (19?6) a lso  repo rted  th a t  the inco rpo ra tion  o f H- 
o ro tic  ac id  by c e l ls  iso la te d  from r a t s  rece iv ing  in  vivo pheno­
barb itone p re treatm en t was much le s s  se n s itiv e  to  AFB^  than by c e l ls  
iso la te d  from co n tro l r a t s .  However, these in v e s tig a to rs  used concen- 
t r a tio n s  of AFB^  ranging from 0.03-0.15 pg ml" , and the e f f e c t  of 
AFBj^  on the i n i t i a l  r a te s  alone of inco rpo ra tion  o f the RNA precu rso r 
was rep o rted , and thus, under these experim ental cond itions, a l a t e r  
in h ib itio n  o f AFB^  a t  h igher concen tra tions may no t have been 
observed. N evertheless, the p ro te c tiv e  ac tio n  re su ltin g  from 
phenobarbitone ^  vivo p retreatm ent o f r a t s  shown a t  the low concen­
tra t io n s  of AFB^  used in  the p resen t hepatocyte s tu d ie s , i s  
analogous to  the  p ro tec tio n  by phenobarbitone a g a in s t the in  vivo 
in h ib itio n  o f nucle ic  ac id  syn thesis  by AFB^  (Gumbmann and W illiams, 
1970; Neal and Godoy, 1976) and the i^l vivo DNA binding o f AFB^
Swenson e t  ^ . ,1 9 7 7 ) .  Neal and Godoy (1976) a lso  showed th a t  AFB^  did 
no t in h ib i t  inco rpo ra tion  o f the RNA p recursor in  experim ents using 
l iv e r  s l ic e s  prepared from in  vivo phenobarbitone p re tre a te d  r a t s  
to  the same ex ten t as seen in  l iv e r  s l ic e s  from co n tro l r a t s .  However, 
in  vivo p re treatm en t w ith phenobarbitone d id  not p ro te c t ag a in s t the 
in  v itro  a c tiv a tio n  of AFB^  with re sp e c t to  i t s  in h ib ito ry  e f f e c t  upon
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? +Mg -primed RNA polymerase a c t iv i ty  in  experiments using com­
b in a tio n s  of n u c le i and microsomes (Neal and Godoy, 1976). The e f fe c t  
o f p retreatm ent vivo with 3-MG on the in h ib itio n  o f nucle ic  acid  
syn thesis  by AFB^  in  v iv o , o r on v iv o /in  v i tro  in h ib itio n  of RNA
polymerase a c t iv i ty  has no t been rep o rted , so a t  the p resen t time 
a comparison cannot be made with the p ro te c tiv e  e f fe c t  observed in  
the p resen t study induced by 3-MG vivo pre treatm en t on the AFB^  
in h ib itio n  o f ^H -orotic ac id  in co rpo ra tion  in  hepatocytes.
Summarising, th e re fo re , phenobarbitone and 3-MG 3^ vivo p re treatm en ts 
p ro tec ted  ag a in s t the  in h ib ito ry  ac tio n  o f AFB^  on RNA sy n th esis  in  
hepatocytes a t  low le v e ls  o f AFB ,^ bu t no t a t  h igher doses.
In  f re sh ly  iso la te d  hepatocytes prepared from r a t s  fed a chronic 
d ie t  of AFB^, AFB^  in h ib ite d  inco rpo ra tion  o f ^H -orotic ac id  only a t  
the h igher concen tra tions ( f ig .  6 . 7 ), and even a t  these concen tra tions 
in h ib it io n  was no t very pronounced compared to  the much g re a te r  
in h ib itio n  seen in  c e l l s  from co n tro l r a t s  ( f ig . 6 .9 ) . The e f f e c t  o f 
chronic feeding o f low le v e ls  o f AFBj_ on re s is ta n c e  to  the acute 
to x ic i ty  of AFB^  in  r a t s  was rep o rted  by Judah e t  (1977). These 
workers found th a t  the ID^q o f AFB^  in  male F ischer r a t s  increased  
a t  l e a s t  2-3 fo ld  by the AFB^  feeding, which was p a ra lle le d  h is to ­
lo g ic a lly  by re s is ta n c e  to  the hepatonecro tic  e f f e c t  of the to x in . 
However, the chronic AFB^  feeding d id  not p ro te c t ag a in s t th e  in  
v i tro  a c tiv a tio n  o f AFB^  by microsomes to a form in h ib ito ry  to  RNA
polymerase in  v itro  (Judah e t  , 1977).
In the experiments performed in  th is  study using f re sh ly  is o la te d
hepatocytes from con tro l and p re tre a te d  r a t s ,  the approximate 
values fo r  the e f fe c t  of AFB^  ^ on inco rpo ra tion  of the RNA precu rso r 
( i . e .  concen tra tion  o f AFB^  causing 50% in h ib itio n )  in  decreasing
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order o f s u s c e p tib i l i ty  were : co n tro l > phenobarbitone > 3- MG >  AFB^
fed . The ED^q value in  hepatocytes from AFB^  ^ fed r a t s  was more 
than 20 tim es g re a te r  than th a t  in  c e l l s  from co n tro l r a t s  
( ta b le  6 ,1 ) .
C ulturing hepatocytes from un trea ted  and p re tre a te d  r a t s  fo r  
24 h r re su lte d  in  an o v e ra ll s l ig h t ly  g re a te r  in h ib it io n  o f RNA 
sy n th esis  by AFB^  a t  each concen tra tion , compared to  th a t  in  
corresponding f re sh ly  iso la te d  c e l l s ,  bu t again th e  maximum le v e l of 
in h ib itio n  a tta in e d  by each concen tra tion  o f AFB^  was achieved 
w ith in  1 h r (see f ig s ,  6 ,2 , 6 ,4 , 6,6  and 6 ,8 ) ,  This s l ig h tly  
enhanced in h ib ito ry  e f f e c t  of AFBj^  in  the various c u ltu re s  compared 
to  th a t  in  corresponding f re sh ly  iso la te d  c e l l s  may have been 
caused by h igher le v e ls  of AFBj^  employed per c e l l  in  the c u ltu re s . 
Thus, although a l l  the hepatocytes were i n i t i a l l y  p la ted  a t  the 
same c e l l  d en s ity , the medium was changed in  th e  24 h r  c u ltu re s  p r io r  
to  AFBj^  trea tm en t, thereby removing a c e r ta in  p roportion  o f c e l l s  
which had no t p la ted  down and were presumably dead. Consequently, 
the number of c e l ls  p er w ell in  the c u ltu re s  was probably lower 
than in  the f re sh ly  iso la te d  c e l l  experim ents, so th a t  the f in a l  
AFBj_ concen tra tion  per c e l l  was q u ite  l ik e ly  g re a te r  in  the c u ltu re s . 
In order to evaluate th i s  e f fe c t  i t  would be necessary  to  determ ine 
the number o f c e l l s  in  each cu ltu re  p r io r  to treatm ent with AFB^  and 
th i s  would be d i f f i c u l t  to  estim ate since p la tin g  e f f ic ie n c ie s  varied  
between p rep ara tio n s  (even though c e l l s  with low v ia b i l i ty  were 
discarded  fo r  experim ental pu rposes), In order to  ob tain  th i s  
inform ation the numbers of c e l l s  per well would have to be counted 
using a g ra tic u le  in  the eyepiece le n s  p r io r  to  tre a t in g  with AFB^  
which would be a lengthy procedure and probably u n sa tis fa c to ry  since
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the c e l l s  would need to be removed from the incubator fo r  long 
periods which could be de trim en ta l to  the experiment.
3
The in h ib ito ry  ac tio n  of AFBj^  on the  inco rporation  of H -leucine 
by f re sh ly  iso la te d  hepatocytes from co n tro l and p re tre a te d  r a t s  was 
much more tim e-dependent than i t s  e f fe c t  on % -o ro tic  ac id  in ­
corporation  (see f ig s .  6.11, 6.13 and 6 .1 ? ), Yet, even with pro­
longed incubation , the  degree o f in h ib it io n  o f inco rpora tion  o f 
the p ro te in  p recu rso r was no t as pronounced in  f re sh ly  iso la te d  
hepatocytes from co n tro l and p re tre a te d  r a t s  as the  in h ib itio n  of 
inco rpo ra tion  o f the RNA precu rso r in  corresponding c e l l s ,  which 
may be due to  an e f f e c t  on p ro te in  sy n th es is  no t dependent on 
metabolism as d iscussed  l a t e r .  However, the e f fe c t  o f the various 
p re treatm en ts on the o v e ra ll p a tte rn  of dose-response re la tio n sh ip  
between AFB^  and inco rpo ra tion  of ^H-leucine was the same as th a t  
found fo r  inco rpo ra tion  o f ^H -orotic ac id . This observed delayed 
e f fe c t  of AFB^  on incorporation  o f the p ro te in  p recurso r compared to  
the rap id  e f f e c t  found on inco rpo ra tion  o f the RNA precursor i s  in  
agreement w ith r e s u l t s  described  by o th e r in v e s tig a to rs  in  f re sh ly  
iso la te d  hepatocytes from co n tro l r a t s  (McIntosh e t  a l . , 19?6).
These r e s u l ts  are  a lso  c o n s is te n t with the e f fe c ts  o f AFB^  on RNA 
and p ro te in  syntheses in  r a t  l i v e r  in  vivo when an ea rly  and marked 
in h ib it io n  of RNA sy n th esis  i s  observed (Sporn ^  a l . , I 966) 
subsequently followed by in h ib it io n  o f p ro te in  sy n th esis  (V illa-T revino  
and Leaver, I 968) . These fin d in g s  may be explained by re p o rts  th a t  
the ac tio n  of AFB^  on the in h ib itio n  o f p ro te in  sy n th esis  in  r a t  l i v e r  
i n  vivo i s  a t  two le v e ls .  Thus, an e f fe c t  a t  the t r a n s la t io n a l  le v e l 
i s  an e a rly  e f fe c t  which may o r may no t be due to metabolism and 
possib ly  causes degranulation  of ribosomes, and a lso  a l a t e r  e f f e c t
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due to  metabolism i s  a t  the t ra n s c r ip tio n a l le v e l as a r e s u l t  of 
reduced DNA tem plate capacity  w ith consequent in h ib it io n  o f messenger 
RNA a c t iv i ty  (S arasin  and Moule, 1973; S arasin  and Moule, 1975; 
Sidransky ^  , 1977).
The in h ib ito ry  e f f e c t  o f AFB^  concen tra tion  on the inco rpo ra tion  
of H -leucine in  24 h r  cu ltu red  hepatocytes from un trea ted  and 
p re tre a te d  r a t s  was even more tim e-dependent than in  corresponding 
f re sh ly  iso la te d  c e l l s  (see f ig s .  6.12, 6 .14, 6.16 and 6 .18 ). Although 
th e re  was s l ig h t ly  le s s  in h ib itio n  in  c u ltu re s  from p re tre a te d  r a t s  
compared to th a t  in  cu ltu red  c e l l s  from co n tro l r a t s ,  the d iffe ren ces  
were c e r ta in ly  no t as pronounced as found in  f re sh ly  is o la te d  c e l ls  
fo r  p ro te in  sy n th es is . This may be because metabolism of AFB^  i s  
reduced in  the c u ltu re s  and thus AFB^  in h ib it io n  of p ro te in  sy n th esis  
i s  le s s ,  o r th a t  in h ib it io n  in  the c u ltu re s  i s  not dependent upon 
metabolism to  any considerable  degree, o r th a t ,  since metabolism in  
the c u ltu re s  resem bles more cytochrome Pj^g-m ediated metabolism, then 
AFM^  may be responsib le  fo r  e f fe c ts  on p ro te in  sy n th esis  in  these c e l l s .
The da ta  obtained concerning th e  e f fe c t  of AFB^  concen tra tion  on 
DNA, RNA and p ro te in  syntheses in  the co n tro l r a t  liv e r-d e r iv e d  
d iv id ing  c e l l  l in e ,  BL8L, were in  marked c o n tra s t to the r e s u l t s  found 
fo r  the in h ib itio n  o f RNA and p ro te in  syntheses by AFBj^  in  non-dividing 
fre sh ly  iso la te d  and 24 h r cu ltu red  hepatocytes. Due to  the a b i l i ty  
of the BL8L c e l ls  to  undergo d iv is io n , in  c o n tra s t to  the f re sh ly  
iso la te d  c e l l s ,  and since DNA sy n th esis  i s  much h igher than in  the 
non-dividing c e l l s ,  the  e f fe c t  o f AFBj^  concen tra tions (O.Oi-i.O pg ml )
3
on DNA sy n th esis , as  measured by inco rpora tion  o f H-thymidine, was 
examined. Incorporation  of the DNA precu rso r was not s ig n if ic a n tly  
in h ib ite d  follow ing 3 h r incubation with AFB^  bu t by 24 h r incubation  ,
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in h ib itio n  was v i r tu a l ly  complete a t  the h igher concen tra tions 
( f ig . 7 .1 ) . However, AFB^  caused only moderate in h ib itio n  of 
% -u rid in e  inco rpo ra tion  (the RNA precursor used in  the c e l l  l in e  
s tu d ie s  as d iscussed  in  chap ter 2 .6 (b )) by 24 and 48 h r a t  concen-
■i
t r a t io n s  g re a te r  than 0.25 pg AFB^  ml" ( f ig .  7 .2 ) , and in h ib it io n
of ^H-leucine in co rpo ra tion  was only achieved a t  1.0 pg AFB^  ml ^
a t  these tim es ( f ig . 7 .3 ) . Thus, compared to  the rap id  in h ib itio n
of RNA syn th esis  by AFB^  demonstrated in  non-dividing hepatocytes 
from co n tro l r a t s ,  the in h ib ito ry  ac tio n  of AFB^  on RNA sy n th esis  
in  the d iv id ing  c e l l  l in e  was considerably  reduced and markedly 
delayed. This would th e re fo re  be expected i f  in h ib itio n  of RNA 
syn thesis  re q u ire s  metabolism of AFB .^ This was a lso  the case fo r  
the e f fe c t  on p ro te in  sy n th esis , where in h ib itio n  was observed only 
a t  twice the concen tra tion  (1.0 pg AFB^  ml ) o f the maximum AFB^
concen tra tion  used in  the non-dividing hepatocyte experim ents. The 
minimal e f f e c t  o f AFB^  on p ro te in  syn th esis  in  th i s  c e l l  l in e  would 
suggest th a t  the main ac tio n  o f AFB^  on p ro te in  syn thesis  may, in  f a c t ,  
be dependent on th e i r  f a i lu r e  to  m etabolise. Therefore, the main 
e f fe c t  of AFB^  on the BL8L c e l ls  was an in h ib itio n  o f DNA sy n th es is , 
which may be due to  an e f fe c t  on m ito sis  as d iscussed  l a t e r .
(b) C e llu la r  Aspects
The cy to tox ic  e f fe c t  of AFB^  on f re sh ly  iso la te d  and 24 h r cu ltu red  
hepatocytes, from co n tro l and p re tre a te d  r a t s ,  and BL8L c e l l s  was a lso  
evaluated by su b jec tiv e  assessment o f morphological c r i t e r i a  o f 
v ia b i l i ty  in  a l l  c e l l s ,  exclusion of trypan blue in  24 h r cu ltu red  
hepatocytes, and growth o f BL8L c e l l s .  In f re sh ly  iso la te d  and 24 h r 
cu ltu red  hepatocytes from co n tro l and p re tre a te d  r a t s ,  the p a tte rn  of
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dose-response re la tio n sh ip  between AFB^  concen tra tion  and morphological 
c r i t e r i a  of v ia b i l i ty  p a ra lle le d  th a t  between AFB^  concen tra tion  and 
in h ib it io n  o f RNA sy n th es is . However, the cy to tox ic  response to 
AFB^  a t  each concen tra tion  was observed subsequently to the 
in h ib it io n  of RNA sy n th esis  by AFB^  fo r  each p a r t ic u la r  c e l l  
experiment. S im ila rly , the p a tte rn  of dose-response re la tio n sh ip  
between AFB^  concen tra tion  and v ia b i l i ty ,  as assessed  by trypan blue 
exclusion , in  24 h r cu ltu red  hepatocytes from co n tro l and p re tre a te d  
r a t s  a lso  p a ra lle le d  the p a tte rn  fo r  the e f fe c t  of AFB^  on RNA 
sy n th esis  (see f ig .  8 .5 ) .  However, again th e  e f fe c t  on v ia b i l i ty  
a t  each AFB^  concen tra tion  was no t as marked as , and occurred much 
l a t e r  than, the in h ib itio n  of RNA sy n th esis  in  each c u ltu re , presumably 
the assessm ent of v ia b i l i ty  rep resen tin g  gross damage to  the  c e l l s  
consequential to in h ib itio n  o f RNA sy n th es is . Using th ese  c r i t e r i a  
of v ia b i l i ty ,  the in  vivo pre treatm en t o f r a t s  with phenobarbitone 
and 3-MC, in  agreement with th e  da ta  on in h ib it io n  of RNA and p ro te in  
syntheses, re su lte d  in  le s s  s u s c e p t ib i l i ty  to  the cy to tox ic  ac tio n  o f 
AFB^  a t  low concen tra tions with marked cy to tox ic  response a t  high 
concen tra tions of AFB^, whereas AFBj^  feeding caused pronounced 
re s is ta n c e  to  the cy to to x ic ity  o f AFB^  a t  a l l  concen tra tions (see 
ta b le s  8.1 and 8 .2 ) . Thus, in h ib it io n  of RNA sy n th esis  (and sub­
sequently  p ro te in  syn thesis) rep resen ted  an ea rly  m an ifesta tion  o f 
the cy to tox ic  e f fe c t  of AFB ,^ followed by morphological changes in  
the appearance o f the c e l l s ,  and f in a l ly  re su lt in g  in  the  uptake of 
trypan b lue, an index o f severe i r r e v e r s ib le  damage, presumably as 
a consequence o f c e l l  membrane damage. In  ad d itio n  to  the schedules 
used in  the p resen t study, o th er c r i t e r i a  of v ia b i l i ty  could perhaps 
be used, which are  more s e n s itiv e  than the trypan blue exclusion
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assay fo r  estim ating  the c y to to x ic ity  of AFB^  in  the non-dividing 
hepatocy tes, e .g . s tim u la tio n  of c e l lu la r  re sp ira tio n  by 1 mM 
succinate  (succ ina te  permeation only occurs w ith damaged plasma 
membranes a t  a r a te  s u f f ic ie n t  to  s tim u la te  re sp ira tio n )  (Baur 
e t  a l . ,  1975)» measurement of membrane p o te n tia l (Baur e t  a l . ,
1975)» in t r a c e l lu la r  and Na"^  concen tra tions (Baur e t  ^ . , 1975)» 
or r a te s  of gluconeogenesis from la c ta te  (Krebs e t  a l . ,  1979)» although 
these t e s t s  a re  no t performed as commonly as the uptake of trypan blue.
10.5 FINAL CONSIDERATIONS ARISING FROM PRESENT STUDY
(a) Metabolism-Mediated C yto tox ic ity
Summarising, the d a ta  from experim ents performed in  th is  study 
would, th e re fo re , suggest th a t  using the c r i t e r i a  employed in  the 
p resen t study the s u s c e p t ib i l i ty  o f the f re sh ly  iso la te d  and 24 h r 
cu ltu red  c e l l s  to  the acute to x ic i ty  of AFB^  depends upon the a b i l i ty  
of the c e l l s  to  m etabolise AFB^. The in h ib itio n  o f nucle ic  ac id  
sy n th esis  in  vivo and in  v i t ro  by AFB^  i s  repo rted  to be a con­
sequence o f binding to  DNA (C liffo rd  and Rees, I 966, 19&7; Rogers 
and Newberne, 1967; Godoy and Neal, 1976), which i t s e l f  i s  considered 
to be dependent upon metabolism o f AFB^  (Garner e t  a l . , 1972; Swenson 
^  a l . , 1974; Neal, 1973; Gurtoo and Dave, 1975), A comparison of 
the r e s u l t s  using c e l l s  w ith m etabolic cap ac ity  and w ithout th is  
capacity  show th a t  the in h ib it io n  of RNA sy n th es is , in  p a r t ic u la r ,  
by AFBj^  in  the non-dividing hepatocytes, was a rap id  and se n s itiv e  
in d ic a to r  of the metabolism o f AFB^  and a lso  a se n s itiv e  in d ic a to r  
o f subsequent gross c y to to x ic ity  o f AFB^  assessed  by lo s s  of membrane 
in te g r i ty  in d ica ted  by perm eab ility  to trypan b lue. In  these c e l l s ,  
the r e s u l t s  concerning th e  in h ib it io n  of p ro te in  syn thesis  by AFB^
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would suggest th a t  there  i s  possib ly  a combination o f a d ire c t  
e f fe c t  on p ro te in  sy n th esis  a t  the  ribosomal le v e l ,  which i s  
possib ly  dependent on m etabolising o f AFB^, w ith a subsequent 
in h ib it io n , secondary to an e f fe c t  on RNA syn thesis  and a lso  
dependent on AFB| metabolism, as proposed by o th er workers (Sarasin  
and Moule, 1973» Sarasin  and Moule, 1975» Sidransky e t  , 1977).
I f  the in h ib it io n  o f RNA sy n th esis  and the subsequent tox ic  
response was due to  m etabolic a c tiv a tio n  of AFBj^  then, the decrease 
in  cytochrome conten t in  24 h r  cu ltu red  hepatocytes, r e s u lt in g
in  an o v e ra ll dim inished AFB^  metabolism in  the c u ltu re s  compared 
to th a t  in  f re sh ly  iso la te d  hepatocytes, might have le d  to a p re ­
d ic tio n  th a t  the in h ib itio n  o f RNA sy n th esis  by AFB^  in  the cu ltu red  
c e l l s  would not be as marked as in  f re sh ly  iso la te d  hepatocytes. 
However, th is  was found no t to  be the case. Presumably, th e re fo re , 
the le v e l of AFB^  metabolism in  these cu ltu red  c e l l s  was such th a t  
a c tiv a te d  AFB^  m etab o lite (s) were formed in  s u f f ic ie n t  q u a n ti t ie s  to 
r e s u l t  in  a rap id  in h ib itio n  of RNA sy n th esis , the r e a l  comparison 
being, th e re fo re , w ith c e l l s  having no m etabolising capac ity . Indeed, 
as d iscussed prev iously , the  cytochrome P/^^q con ten ts o f 24 h r 
cu ltu red  hepatocytes from con tro l F ischer r a t s  are  o f a comparable 
order to those found in  vivo fo r  o th e r r a t  s tr a in s  which are  a lso  
su scep tib le  to AFB^  to x ic i ty .  The observation  th a t  cytochrome Pj^ ^q was 
undetected in  BL8L c e l l s ,  concomitant w ith a lack  of AFB^
metabolism by these c e l l s  and increased  re s is ta n c e  to  the c y to to x ic ity  
of AFB^  as assessed  by in h ib itio n  o f RNA sy n th esis  and subsequent 
e f fe c ts  on growth r a te s ,  supports the suggestion th a t  s u s c e p t ib i l i ty  
to  the acute to x ic i ty  of AFB^  i s  dependent upon the capacity  o f c e l l s  
to m etabolise AFB^. F urther evidence fo r  th is  was obtained from
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recen t r e s u l ts  (Manson and Neal, personal communication) from 
experiments which were performed w ith suspensions o f BL8L c e l l s  
incubated in  combination w ith hepatic  microsomes (from pheno­
barb itone p re tre a te d  r a t s )  and AFB^, Under these cond itions AFB^  
was m etabolised by the microsomes, and the BL8L c e l l s ,  a f te r  
removal of the microsomes by washing and then p la tin g  of the c e l l s  
in to  d ishes, became su scep tib le  to  the e f fe c ts  o f AFB^  a t  
r e la t iv e ly  low concen tra tions, which would normally not a f f e c t  the 
c e l l s ,  w ith re su lt in g  c e l l  death.
The primary e f fe c t  of AFB^  on the d iv id ing  c e l l  l in e  BL8L 
appears to  be an in h ib it io n  o f c e l l  d iv is io n  with subsequent 
in h ib itio n  of DNA syn thesis  and reduced growth r a te .  The form ation 
of g ian t c e l l s  would tend to  suggest an a n ti-m ito tic  e f fe c t  o f AFB^  
s im ila r  to th a t  observed fo r  dehydroretronecine, a p y rro liz id in e  
a lk a lo id  m etabolite , and some analogous compounds, in  the BL8L c e l l  
l in e  (Mattocks and Legg, I 98O) which a re  known to ex e rt a g re a te r  
e f fe c t  on m ito sis  than on DNA sy n th es is . The appearance o f g ian t 
BL8L c e l l s  re su lt in g  from treatm en t w ith the p y rro liz id in e  a lk a lo id  
m etabo lites was s im ila r  to th a t  seen follow ing treatm en t w ith AFB ,^ 
although in  the l a t t e r  case the c e l l s  were not m aintained in  c u ltu re  
fo r  such long periods as the former. The p y rro liz id in e  a lk a lo id  
m etabolites were shown to in h ib i t  m ito sis  and, although the e f f e c t  
of AFBj^  on the m ito tic  index o f BI8 L c e l l s  was no t examined in  the 
p resen t study (an in v e s tig a tio n  which would be u se fu l) , i t  was noted 
th a t  the number o f m ito tic  f ig u re s  appeared to  decrease considerably  
with prolonged incubation  with AFB .^ The delayed e f fe c t  o f AFBq on 
RNA and p ro te in  syntheses in  these c e l l s ,  th e re fo re , would presumably 
be a subsequent to x ic  response to the AFB^  in d u ced -in h ib itio n  o f
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d iv is io n  which i s  obviously an abnormal condition  fo r  these 
normally d iv id ing  c e l l s .  The morphological changes described  in  
th is  study in  BL8L c e l l s  tre a te d  w ith AFB^  were s im ila r  to those 
described  fo r  o th er c e l l s  tre a te d  w ith AFB^  e .g . d iv id ing  primary 
c u ltu re s  of human embryo l iv e r  c e l ls  (Zuckerman e t  ad . ,  196?) and 
d iv id ing  primary kidney e p i th e l ia l  c e l l s  (Engelbrecht and A llenk irk , 
1972) . The in h ib itio n  o f DNA syn th esis  and a n ti-m ito tic  e f fe c t  
shown by AFBj^  in  d iv id ing  primary c e l l s  and es ta b lish ed  c e l l  l in e s  
has a lso  been observed by o th e r in v e s tig a to rs  (Legator ^  ad . ,  1965; 
Gabliks ^  ad . ,  1965; Legator I 966; Engelbrecht and A llenk irk , 1972) 
who have suggested th a t  the abnormal production o f g ia n t c e l l s  could 
be accounted fo r  by the enlargement of re su lt in g  non-dividing c e l l s .  
Meneghini and Schumacher (1977) repo rted  th a t  in h ib itio n  of DNA 
syn th esis  in  A frican green monkey kidney c e l l  l in e  by AFB^  ^ was due 
to  blocking of i n i t i a t io n  and DNA re p lic a tio n  ra th e r  than elongation . 
E stab lished  c e l l  l in e s  o r ig in a tin g  from l iv e r  have been demonstrated 
to  be more su scep tib le  to  AFB^  to x ic ity  than c e l l  l in e s  of d if fe r in g  
o rig in s  (Gabliks e t  a d . , 1965; S caife , 1971). Some re p o rts  of 
in h ib itio n  by AFB^  on RNA and p ro te in  syntheses in  e s tab lish ed  c e l l  
l in e s  have been made (Harley e t  ad . ,  1969; S ca ife , 1971; Garvican 
e i  a l . , 1979) . However, very high concen tra tions o f AFBj^  were used, 
ranging from 10-40 ml" and, when measured, the main e f f e c t  seen 
was usually  an in h ib itio n  of DNA sy n th esis  secondary to  an e f f e c t  on 
d iv is io n , as suggested in  the p resen t study.
(b) Changes in Susceptibility to AFB^ Toxicity
The decreased s u s c e p tib i l i ty  shown by non-dividing hepatocytes 
to  the in h ib ito ry  ac tion  of AFB^  on n ucle ic  ac id  sy n th esis  and
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cy to to x ic ity  o f AFB ,^ conferred  by phenobarbitone, 3-MG (both a t  low 
concen tra tions of AFB^) and chronic AFB  ^ feeding a t  a l l  concen tra tions 
appears to  be co rre la te d  with an increased  form ation o f p o la r  m etabo lites 
o f AFB ,^ As mentioned prev iously , th i s  p o la r  m ateria l could c o n s is t, 
a t  l e a s t  in  p a r t ,  o f AFB^-adducts re su lt in g  from an enhancement o f 
DNA re p a ir  a c t iv i ty  due to carcinogen feeding (Montesano e t  a l . . 1980), 
which has been demonstrated to  occur in  iji v i tro  hepatocyte systems 
(W illiams, 1977; Yager and M iller, 1978). Although the p o s s ib i l i ty  
o f DNA re p a ir  a c t iv i ty  was not examined in  th is  study, th i s  re q u ire s  
fu r th e r  in v e s tig a tio n . However, the p resen t evidence would in d ic a te  
th a t  much o f the ra d io la b e lle d  p o la r  m a te ria l i s  l ik e ly  to con tain  
w ater-so lub le  conjugates o f AFB^  m etab o lites. D espite the lack  o f 
re le a se  o f f re e  non-polar m etabo lites by the h y d ro ly tic  ac tio n  o f 
P-glucuronidases under the conditions used in  th is  study, i t  i s  po ssib le  
th a t  g lucuronate (or su lphate) conjugates o f AFM^  in  p a r t ic u la r  (and 
perhaps AFQ )^ may be p resen t in  the p o la r  m a te ria l. Therefore, 
incubation  with the enzyme fo r  prolonged periods (up to  1 week) may 
be necessary , and should be fu r th e r  examined. In  a p relim inary  re p o rt, 
Wei ^  (1978) demonstrated the re le a se  of f re e  AFM^  and AFP  ^ by
the ac tio n  o f P-glucuronidase fo r  48 h r , (longer incubation p eriods 
than used in  the p resen t study) the conjugates having been formed by 
r a t  24 hr cu ltu red  hepatocytes incubated with a hormone m ixture fo r  
maintenance o f cytochrome le v e ls .  These r e s u l ts  aw ait confirm ation .
In f re sh ly  iso la te d  hepatocytes from phenobarbitone, 3-MG 
p re tre a te d  and AFB  ^ fed r a t s  used in  th is  study, the da ta  ob tained  
from experim ents using d ie th y l m aleate in d ica te  th a t  form ation o f 
p o la r  m etabo lites involves the form ation o f GSH conjugates 
of non-polar AFB  ^ m etabolites. These may, th e re fo re .
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rep resen t d e to x if ic a tio n  products, thus re su lt in g  in  the decreased 
s u s c e p tib i l i ty  to the acute to x ic i ty  o f AFB^  and i t s  in h ib ito ry  e f fe c t  
on nucle ic  ac id  sy n th es is  in  these c e l l s  v ia  a reduced binding to  
the DNA tem plate. However, in  c e l l s  prepared from phenobarbitone 
and 3-MG p re tre a te d  r a t s ,  re s is ta n c e  to the to x ic i ty  o f AFB^  was 
observed only a t  low AFB^  concen tra tions, whereas metabolism o f AFB^  
by f re sh ly  iso la te d  hepatocytes was examined using h igher concen tra tions 
(6 tim es g re a te r  than the h ighest concen tration  used in  the to x ic i ty  
experim ents. I t  may be proposed th a t  the re s is ta n c e  to the cy to­
to x ic ity  o f AFB^  observed in  hepatocytes prepared from phenobarbitone 
and 3-MG vivo p re tre a te d  r a t s  may depend, a t  l e a s t  in  p a r t ,  on the 
o v e ra ll g re a te r  form ation o f d e to x ified  w ater-so lub le  conjugates, 
including g lu ta th io n e  conjugates, bu t a t  high concen tra tions o f AFB^  
the conjugation mechanisms appear to  be sa tu ra ted  in  these ^  v itro  
hepatocytes systems. Due to the enhanced phase I  metabolism o f AFB^  
by these c e l l s ,  the cy to tox ic  e f fe c t  o f AFB^  would then be more 
pronounced a t  high AFBj^  concen tra tions than in  c e l ls  from co n tro l 
r a t s  which i s  the s itu a tio n  found in  the p resen t experim ents. 
In te re s tin g ly , in  24 h r cu ltu red  hepatocytes, where the concen tra tion  
o f AFB^  used (0.5 ml ^ ) was ihe same as  the h ighest used in  the 
to x ic ity  experim ents, th ere  appeared to be an o v e ra ll r e la t iv e  
g re a te r  form ation o f w ater-so lub le  conjugates (with very l i t t l e  
accumulation o f non-polar AFB^  m etabo lites) compared to th a t  in  
corresponding fre sh ly  iso la te d  hepatocytes. This in d ic a te s  th a t  the 
r e la t iv e  s ta b i l i ty  o f phase I  and phase I I  metabolism may be a lte re d .
The increased  macromolecular binding observed in  th i s  study in  
hepatocytes prepared from r a t s  rece iv in g  phenobarbitone and 3-MG, 
compared to  th a t  in  c e l l s  from co n tro l r a t s  (see f ig s .  9.1 a,nd 9.2)
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would thus be explained by the f a c t  th a t  the AFB^  concen tration  
used in  these experiments was high. This dose was the same as th a t  
used in  the AFB^  metabolism experim ents with f re sh ly  iso la te d  
hepatocytes (3 AFB^  ^ ml ) because i t  was intended to make a 
d ire c t  comparison between the covalen t macromolecular binding of 
AFB^  and i t s  metabolism. Thus i t  i s  necessary th a t  fu r th e r  
experiments be c a rrie d  ou t to examine the macromolecular binding 
of AFBji a t  dose le v e ls  in  c e l ls  a t  which re s is ta n c e  to  the to x ic i ty  
o f AFBj^  i s  conferred by phenobarbitone and 3-MO p read m in is tra tio n s , 
in  order to  e s ta b lish  whether the macromolecular binding and to x ic i ty  
o f AFBj^  decrease as form ation o f p o la r  m a te ria ls  in creases .
The enhanced to x ic i ty  a t  high le v e ls  o f AFB^  observed in  
hepatocytes from 3-MO p re tre a te d  r a t s  may be due to the increased  
production o f AFMj^  in  these  c e l ls  since the to x ic i ty  o f AFM^  i s  
known to  be as g rea t as th a t  o f AFB^  (see review, Campbell and 
Hayes, 19?6). AFB^  causes hepatic  p e r ip o r ta l  n ec ro sis  r a th e r  than 
c e n tr i lo b u la r  n ecro sis  in  r a t s ,  Gooding e t a l ,  (1978) measured the 
d is tr ib u tio n  o f cytochrome in  sec tio n s  o f lobes o f r a t  l iv e r
using a m icrospectrephotom etric method and demonstrated th a t  c e l l s  in  
the c e n tr ilo b u la r  region contained h igher amounts o f cytochrome 
than c e l l s  in  the p e r ip o r ta l  reg ion . They also  demonstrated th a t  
the cytochrome was induced in  the c e n tr ilo b u la r  c e l ls  follow ing
i n  vivo ad m in istra tio n  with phenobarbitone in  agreement w ith r e s u l t s  
found by Massey (1977). Although th e  e f fe c t  o f a 3-MG-type inducer 
( i . e .  cytochrome P ^ g  inducer) was no t examined, i t  could be specu lated  
th a t  cytochrome P^^g i s  p resen t in  g re a te r  amounts in  the p e r ip o r ta l  
c e l l s ,  s ince phenobarbitone ad m in istra tio n  d id  not increase  the 
cytochrome content in  these c e l l s .  This p o s s ib i l i ty  would c o r re la te
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with the g re a te r  p e r ip o r ta l  n ec ro sis  seen in  AFB^  to x ic i ty ,  th i s  
n ecro sis  r e s u lt in g  from p re fe re n tia l  form ation o f AFM^  by these 
c e l l s ,  AFMj^  being acu te ly  to x ic .
N evertheless the enhanced in h ib itio n  o f RNA syn thesis  and 
macromolecular binding o f AFBj^  observed in  hepatocytes from 3-MG 
p re tre a te d  r a t s ,  compared to  th a t  in  c e l ls  from co n tro l r a t s ,  a t  the 
h igher concen tra tions o f AFB^  used, was unexpected since the 
microsomal a c tiv a tio n  o f AFBj^  to  the p u ta tiv e  AFB^-2,3-epoxide 
(which i s  thought to  be responsib le  fo r  these biochemical e f fe c ts )  i s  
considered to be mediated v ia  cytochrome P^^^-linked enzymes ra th e r  
than cytochrome P ^ ^  (Gurtoo and Dave, 1975; Gurtoo and Dahms, 1979). 
The increased  covalent binding o f AFB^  in  hepatocytes from 3-MG 
p re tre a ted  r a t s  observed in  the p resen t study would be u n lik e ly  to 
be to ta l ly  due to the form ation o f AFB^-2,3-epoxide since binding 
continued to  increase  throughout the 24 h r time course, and previous 
experiments showed th a t  AFB^  was v i r tu a l ly  completely u t i l i s e d  by 
15 min (see f ig .  4 .1 6 ). I t  was shown th a t  AFM^  was ex tensive ly  
m etabolised by these c e l l s ,  predominantly to  p o la r  m etabo lites, bu t 
fu r th e r  phase I  metabolism ( i . e .  a c tiv a tio n  o f AFMj^  to an epoxide) 
may have occurred. The carc in o g en ic ity  and m utagenicity o f AFM^  are  
reported  to be considerably  le s s  than those o f  AFB^  (Purchase, 1972; 
McGann e t  aT.,  1975). Alpha benzene hexachloride, an inducing agent 
s im ila r  to 3-MG (Thamavit e t  ^ . , 1974), has been shown to  p ro te c t 
against the ijn. vivo carc in o g en ic ity  o f AFB^  in  r a t s  (Angsubhakorn e t  
a l . . 1978), a s itu a tio n  analogous to  th a t  found fo r  phenobarbitone 
(McLean and M arshall, 1971). 3-MG pretreatm en t in  vivo has been 
repo rted  to r e s u l t  in  the same degree o f DNA-binding follow ing in  
v i tro  microsomal a c tiv a tio n  o f AFB^  as binding by microsomes from
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control rats (Gurtoo and Dave, 1975). Recently, inducible forms of 
cytochrome have been identified in highly purified preparations
of rat liver nuclei and nuclear membranes (Fahl et aT, ,  1978). The 
nuclear cytochrome P^^^-linked enzymes appear to be capable of 
activating benzo(a)pyrene to metabolites covalently bound to 
nuclear proteins, DNA and RNA, and also nuclear enzymes have been 
shown to be capable of activating the carcinogens N-acetylamino- 
fluorene and N-nitropyrrolidine (cited in Guengerich, 1979).
Metabolism o f AFB^  to  AFMLj^ , AFQj_ and AFP  ^ has a lso  been demonstrated 
in  r a t  l i v e r  n u c le i under v i tro  conditions (Vaught e t  a l . , 1977), 
and these in v e s tig a to rs  repo rted  th a t  3-MG pretreatm en t 3^ vivo did 
not enhance DNA-binding follow ing metabolism of AFBj^  by the n u c le i.
In c o n tra s t, Guengerich (1979) observed th a t  n ucle ic  ac id  binding 
by AFBj_ was increased  in  n u cle i prepared from 3-MG p re tre a te d  r a t s .  
These c o n f lic tin g  r e s u l ts  are  fu r th e r  confused by recen t evidence 
th a t  AFRj^  binds covalen tly  to r a t  l i v e r  DNA vivo and th a t ,  although 
DNA binding by AFM^  i s  no t as g rea t as by AFB^, both compounds were 
c la s s i f ie d  as strong hepatocarcinogens (Lutz, 1979). The m etabolite  
AFMj^  s t i l l  possesses the v iny l e th e r  double bond p resen t in  AFB^  and 
so i s  p o te n tia l ly  capable o f being a c tiv a ted  to an epoxide (and 
probably even tually  to AFM-diol). Neal and Godoy (1976) observed 
th a t  AFHj^  in h ib ite d  RNA polymerase in  an v i tro  system using r a t
l iv e r  microsomes and n u c le i, although Neal and Golley (1978) rep o rted  
th a t  AFMq underwent minimal metabolism by microsomes alone. I t  may 
be speculated  th a t  AFM^  can be m etabolised fu r th e r  to an a c tiv e  
form (AFM^-2,3-epoxide?) by nuclear enzymes and thus covalen t DNA
binding o f AFM^  would only be observed 3qi vivo o r in  an in  v i tro  
s itu a tio n  in  which a c tiv a tio n  by n u c le i can occur.
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The possib le  a c tiv a tio n  o f AFM^  by nuclear enzymes req u ire s  
fu r th e r  in v e s tig a tio n , and the po ssib le  ca rc in o g en ic ity  o f AFM^  
should be examined thoroughly in  view o f  the  c o n flic tin g  d a ta  which 
e x is ts  concerning AFM^  a c tiv a tio n  and ca rc in o g en ic ity . Should kFVl^  
prove to  be carcinogenic t h i s  would c o n s titu te  a g re a t h ea lth  r is k ,  
po ssib ly  g re a te r  than AFB ,^ owing to  i t s  alm ost ubiquitous presence 
in  milk (P atte rson  e t  a l . ,  I 98O).
Nuclear a c tiv a tio n  o f AFB^  ^ i s  probably a lso  o f importance as 
suggested by Neal and Godoy (1976) who p o s tu la ted  th a t  increased  
microsomal a c t iv i ty  iqi vivo by phenobarbitone would presumably r e s u l t  
in  metabolism o f a la rg e r  proportion  o f AFB^  en tering  the  c e l l  a t  
th i s  le v e l ,  and thus le s s  AFBj^  would be av a ilab le  fo r  nuclear 
a c tiv a tio n . This mechanism may possib ly  co n trib u te  to  the vivo 
p ro te c tiv e  ac tio n  o f phenobarbitone ag a in s t AFB^  ca rc in o g en ic ity , 
although the increased  form ation of d e to x ified  AFB^  products 
(conjugates) i s  probably a lso  of considerable importance in  the 
p ro te c tiv e  e f f e c t  by phenobarbitone.
Attempts to  is o la te  o r prepare the p u ta tiv e  u ltim ate  carcinogen, 
A F B ^ - 2 , 3-epoxide, have so f a r  proved unsuccessful (Garner e t  a l . ,  1 9 7 2 )  
although A F B ^ - 2 , 3 -d ich lo rid e  (Swenson e t  ^ . , 1 9 7 5 )  and benzoyloxy 
d e r iv a tiv e s  (Coles a t  a l . ,  I 98O) have been syn thesised  as models of 
the  epoxide, and are  mutagenic and bind to DNA in  a s im ila r  manner 
to the p u ta tiv e  epoxide. The po ssib le  involvement o f nuclear 
a c tiv a tio n  in  the form ation o f th i s  re a c tiv e  in term ediate  re q u ire s  
fu r th e r  in v e s tig a tio n  since nuclear a c tiv a tio n  may prove to be o f 
g re a te r  importance in  vivo than microsomal a c tiv a tio n . However, the 
fin d in g s  th a t  AFB^  can bind to s te ro id  hormone recep to r s i t e s  
(Sunshine e t  a l . ,  1 9 7 1 )  and th a t  hypophysectomy p ro te c ts  ag a in s t
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AFB^-induced in h ib it io n  o f nucle ic  ac id  sy n th esis  in  r a t  l i v e r  
in  vivo (Neal and Judah, 1978) has led  to the suggestion th a t  
AFBj^ f o r  i t s  ac tiv e  m etabolite , may be tran sp o rted  to ta rg e t  s i te s  
in  the DNA v ia  hormone tra n sp o rtin g  systems vivo (Mainigi and 
Sorof, 1977; Neal and Judah, 1978). F urther examinations o f these 
po ssib le  mechanisms are  requ ired  and c e l l  c u ltu re  systems may 
provide u sefu l to o ls  fo r  these in v e s tig a tio n s .
(c) Resistance to Heuatotoxicity and Hepatocarcinogenicity
The re s is ta n c e  to the acute to x ic i ty  o f AFBj^  observed in
hepatocytes from AFB^  fed r a t s  was m aintained ir re sp e c tiv e  o f the
concentration  of AFBj^  used in  th i s  study, thus in d ic a tin g  th a t  the
d e to x if ic a tio n  mechanisms were never sa tu ra ted . This i s  in
agreement with the lack  o f induction  o f a c tiv a tio n  o r metabolism by
AFB^  and c o n tra s ts  with the phenobarbitone and 3-MG s itu a t io n s .
Also, un like the s itu a t io n  found with c e l ls  from phenobarbitone and
143-MG p re tre a te d  r a t s ,  the macromolecular binding o f G-AFB  ^ in  
hepatocytes from AFB^  fed r a t s  was reduced, p a r t ic u la r ly  with 
prolonged incubation , compared to  th a t  in  c e l l s  from co n tro l r a t s  
a t  the concen tra tion  o f AFB^  used ( f ig .  9*3). Again, th e  need to  
rep ea t AFB^  macromolecular binding experiments in  c e l ls  from pheno­
barb itone and 3-MG p re tre a te d  r a t s  a t  dose le v e ls  when the de tox ify ing  
mechanisms are  no t sa tu ra ted  must be emphasised. The r a te  o f  AFB^  
metabolism in  these c e l l s  was very s im ila r  to  th a t  in  c e l l s  from 
con tro l r a t s  and thus i t  i s  l ik e ly  th a t  the b a s is  o f re s is ta n c e  to 
the acute to x ic i ty  o f AFB^  in  r a t  hepatocytes follow ing t h i s  chronic 
d ie t  of AFB^  was probably mainly due to d e to x if ic a tio n  o f AFB^  ^
a c tiv a ted  m etab o lite (s) with GSH, p r io r  to e le c tro p h ilic  a tta c k  on
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macromolecules. Rats fed AFB^  ^ fo r  periods g re a te r  than 6 weeks have 
increased  numbers o f advanced fo c i o f  a l te re d  hepatocytes which can 
be de tec ted  h istochem ically  by elevated  le v e ls  o f -glutam yl 
tra n sfe ra se  (Kalengayi e t  , 1 9 7 5 )  and which a lso  con tain  elevated
le v e ls  o f GSH (Neal and Legg, unpublished r e s u l t s ) . In  view o f the 
po ssib le  involvement o f  ^ -g lu tam yl tra n sfe ra se  in  amino ac id  
tra n sp o rt in to  c e l l s  (M eister and Tate, 1976) and the permanent 
induction  o f co inc iden t e levated  le v e ls  o f the enzyme and GSH, i t  i s  
possib le  th a t  b"-glutamyl tra n sfe ra se  i s  involved in  the maintenance 
of e levated  le v e ls  o f  GSH in  hepatocytes ( in  ad d itio n  to  i t s  normal 
degradative a c t iv i ty  in  kidney). Thus, the d e to x if ic a tio n  o f AFB^  
by the form ation of GSH conjugates could confer re s is ta n c e  to the 
c e l ls  ag a in s t the acute to x ic ity  bu t no t the ca rc in o g en ic ity  o f 
AFB^, thereby allow ing fu r th e r  c e l lu la r  p ro life ra t io n  in  the continuing 
presence o f AFB^. The re s is ta n c e  inducing process has been observed 
fo r  hepatocarcinogens o th e r than AFB .^ Laishes e t  a2. (1978) repo rted  
th a t  cu ltu red  hepatocytes p resen t in  h y p e rp la s tic  nodules obtained 
from r a t s  fed the hepatocarcinogen 2-acetylam inofluorene (AAF) were 
r e s i s ta n t  to the cy to to x ic ity  o f AFB ,^ thus in d ica tin g  th a t  the b as is  
o f re s is ta n c e  may be u n iv ersa l g en era lly  in  hepatocarcinogenesis.
Tsuda and co-workers (1980) found th a t  r e s i s ta n t  hepatocytes could 
be induced vivo in  the r a t  by 21 d if f e re n t  chemical carcinogens.
This re s is ta n c e  was measured by the a b i l i ty  o f the c e l ls  to  pro­
l i f e r a t e  as fo ca l le s io n s  in  the presence o f an environment th a t  
in h ib i ts  the o r ig in a l o r  surrounding hepatocytes from p ro li f e ra t io n .
The fo c i o f r e s i s ta n t  hepatocytes contained ^-glutam yl tra n s fe ra s e , 
and i t  was considered th a t  the r e s i s ta n t  c e l l s  were a presumptive 
p ren eo p lastic  population and th a t  the induction  o f such r e s i s ta n t
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hepatocytes co n s titu te d  in i t i a t io n  o f carcinogenesis (Tsuda ^  aT. ,  
1980) .  Type e t  a l ,  (1979) showed th a t  the  hepatocarcinogen 
7 ,l2-d im ethylbenz(a)anthracene (DMBA) was p re fe re n tia l ly  cy to tox ic  
to normal r a t  l i v e r  e p i th e l ia l  c e l l s  compared to m alignant c e l l s .  
In v es tig a tio n s  o f the biochemical b a s is  o f th i s  s e le c tiv e  to x ic i ty  
revealed  th a t  both c e l l  l in e s  were s im ila r ly  e f fe c tiv e  in  binding 
DMBA to  DNA and th a t  both c e l l  l in e s  had the capacity  to  m etabolise 
th is  carcinogen. However, the hepatoma c e l l s  were more e f f ic ie n t  
than were the normal c e l ls  in  generating  very p o la r m etabo lites  of 
DMBA (not organic so lven t e x tra c ta b le ) . The enhanced form ation o f 
p o la r m etabo lites o f DMBA in  these r e la t iv e ly  r e s i s ta n t  c e l l s  i s  
s im ila r  to the s itu a t io n  found in  the p resen t study fo r  AFB^  using 
hepatocytes from AFB^  fed r a t s .
In  the 2^ 1 v i t ro  system with hepatocytes obtained from r a t s  fed 
the chronic d ie t  o f AFB^  in  the p resen t study, i t  i s  u n lik e ly  th a t  
many o f the hepatocytes obtained were a c tu a lly  derived from 
h y p erp lastic  nodules, since by 6 week feeding with the carcinogen 
(and even fo r  longer periods o f feeding) only few numbers o f small 
fo c i o f h y p erp lastic  c e l ls  are  p resen t. This i s  in  c o n tra s t to 
the s itu a t io n  found with AAF where the m ajo rity  o f the l iv e r  con ta in s 
h y p erp las tic  nodules. Thus, in  the  AFB^  feeding system, i t  i s  p o ssib le  
th a t  only a few hepatocytes are  p resen t which are h igh ly  r e s i s ta n t  to 
the c y to to x ic ity  o f AFB^  (the o v e ra ll re s is ta n c e  being reduced due 
to the presence o f n o n -re s is ta n t h ep a to cy tes), o r th a t  o th e r 
hepatocytes (not derived from the h y p e rp la s tic  fo c i)  are  a lso  
r e s i s ta n t  but to  a le s s e r  degree than c e l l s  obtained from the fo c i .
This l a t t e r  p o s s ib i l i ty  could be c o rre la te d  with the h igher LD^  ^ values 
found fo r  AFBj^  in  r a t s  fed the carcinogen, which would be u n lik e ly
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to depend upon a few focal resistant cells. It would obviously 
be of importance to differentiate between hepatocytes derived from . 
the foci and the surrounding (non-hyperplastic) hepatocytes, and to 
isolate the two populations for examination of metabolism and 
cytotoxicity of AFB^. Further investigations using this approach are 
required.
The characterisation of the GSH-AFB^ conjugate(s) is obviously 
essential to a further understanding of the AFB^ hepatocarcinogenesis 
process, and may be possible using improved separation techniques, such 
as reversed-phase paired-ion HPLG, and identification by mass 
spectrometry.
10.6 SUMMARY
Cultured hepatocytes and liver-derived epithelial-like cell 
lines have, therefore, been shown to be useful in vitro systems 
for the investigation of the interrelationship between metabolism 
and cytotoxicity of AFB^, since freshly isolated primary cultured 
cells were demonstrated to possess metabolising capacity and respond 
rapidly to the cytotoxic action of AFB^, whereas the epithelial 
cell lines were devoid of metabolising capacity and display a 
resistance to AFB^ inhibition of RNA and protein synthesis. Therefore, 
although these cell systems have certain drawbacks, they would seem 
to provide a more analogous system to the in vivo situation than other 
^  vitro systems such as subcellular fractions. Extrapolation of 
results to the in vivo situation using cell lines which lack 
metabolising capacity should be made with caution in cytotoxicity 
studies, yet useful information may be obtained with such cell lines. 
The results of this present study would suggest that the rapid
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cy to tox ic  a c tio n  o f AFB^  i s  dependent upon metabolism, although 
c y to to x ic ity , apparen tly  due to an a n ti-m ito tic  e f fe c t  o f AFB ,^ 
a lso  occurs which does n o t appear to depend upon metabolism. 
R esistance to  the c y to to x ic ity  o f AFB^  in  these c e l l  systems 
conferred by chronic feeding o f AFB ,^ and ad m in istra tio n  o f pheno­
barb itone and 3-MG to  r a t s  iqi vivo would appear to  involve 
d e to x if ic a tio n  mechanisms, p rim arily  the form ation of p o la r 
conjugates o f AFBj^  m etabo lites, p a r t ic u la r ly  GSH conjugates, 
although a le s s  tra n s i to ry  d e to x if ic a tio n  mechanism, which was no t 
sa tu ra ted  under the cond itions used in  th i s  study, i s  apparently  
caused by the AFBj^  feeding regime.
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